Application No. 09/446,109 

Reply to Office Action of December 18, 2003 



PPM AttlCS/ ARGUMENTS 
Claims 10-14, 17, 19, 20, and 33-78 are active in this application. Support for the 
amendments to Claims 62, 66, 70, 64, 68, 72 and Claims 74-78 is found on page 3 of this 
application. In addition, the claims presented have been renumbered according to the 
Examiner's statement on page 2 of the Official Action. No new matter is added. 

Applicants thank the Examiner for indicating that Claims 10-14, 17, 19, 20 and 33-61 
are allowed. In light of the following remarks and the attached executed Declarations 
reconsideration of the rejection of Claims 63-73 is requested. 

Applicants also thank the Examiner for the courtesy of discussing this case with 
Applicants' undersigned representative on March 9, 2004. During this discussion the 
Examiner suggested amending the scope of the method claims and consistent with that 
discussion, the claims have been amended to recite inflammatory arthritis, which is described 
and enabled by the application. 

Before getting into the substance of the rejection, Applicants request that the 
Examiner reconsider the finality of the outstanding Office Action. As a basis for issuing a 
final Office Action following the request for continued examination, the Examiner states "all 
claims are drawn to the same invention claimed in the application prior to entry of the 
submission under 37 C.F.R. § 1.1 14 and could have been finally rejected on the grounds of 
art of record in the next Office Action if they had been entered in the application prior to 
entry under 37 C.F.R. § 1.114." (Page 16 of the Official Action). However, the request for 
continued examination was filed because the Examiner stated in the Advisory Action of 
August 19, 2003 (paper No. 29) that the proposed amendments would not be entered because 
"they raise new issues that would require further consideration and/or search" and 
particularly "amended and newly added claims raise new issues with respect to the scope of 
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the claims since the claims are now limited to specific compounds administered in vivo to 
treat an inflammatory condition arthritis or contacted antagonizing or agonizing a C5a 
receptor. However, such in vivo administration to treat the above situations were not dealt 
with previously, and as such would require further consideration and search." Therefore, the 
finality of the Office Action seems to run contrary to the opinion of the Examiner in the 
Advisory Action. In other words, the RCE was filed because the Examiner would not enter 
the amendments and then issued a first action final rejection. Not only is this unfair to the 
Applicants but it is deemed to be improper and therefore it is respectfully requested that the 

finality of the rejection be withdrawn. 

Turning to the rejection of Claims 62-73 under 35 U.S.C. § 112, first paragraph, this 
rejection is respectfully traversed for the following reasons. 

As stated previously, Claims 62-63 are enabled because the Applicants have provided 
in vivo data using well-accepted models for assessing anti-inflammatory and anti-arthritis 
effects. The data presented in the application are shown in Examples 7 and 8 on pages 45-46. 
In particular, Example 7 demonstrates the inhibition of C5a induced neutropenia in vivo using 
one of the inventive compounds. In addition on page 46, the cyclic antagonists in Table 5 
were determined to be active anti-inflammatory agents in suppressing the onset of either 
carrageenan-induced paw oedema or adjuvant-induced polyarthritis. 

On page 46, the Applicants have also shown in the carrageenan paw oedema assay 
"that even weak C5a antagonists significantly inhibits development of the oedema after 180 
and 270 minutes." Moreover, in a recent publication, which is of record, data are presented 
which demonstrate the efficacy of compound No. 12 in an antigen-induced arthritis model in 
the rat. 

Notwithstanding these data, the Examiner has maintained the enablement rejection 
alleging that the specification "does not reasonably provide enablement for a method of 
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treating an inflammatory condition or a method of treating arthritis by administering the 
above compounds thereof as claimed in Claims 62-73." (Page 3 of the Official Action). 
Furthermore, the Examiner has stated that "the quantity of experimentation necessary states 
the phrases "treating inflammatory condition" and "treating arthritis" are not justified by the 
limited exemplary disclosure of suppressing the onset of either carrageenan-induced paw 
oedema or adjuvant-induced polyarthritis as disclosed in Figures 8-10 in Examples 7 and 8 
because the above phrases encompass treating any kind of inflammation (unspecified 
inflammation caused by unspecified agent) as well as any kind of arthritis (undefined 
arthritis) using pharmaceutical formulations..." (page 7 of the Official Action). Applicants 
respectfully disagree. 

First, as noted above, the claims have been amended to recite "inflammatory arthritis" 
and Claims 74-78 further define the inflammatory arthritis as "rheumatoid arthritis." Second, 
as discussed above, the data presented in the originally filed specification clearly enables 
these methods. However, as further support for the claimed methods, Applicants submit 
herewith two Declarations from Dr. Steven Taylor and Dr. Vivian Santer attesting to the 
enablement of the method claims in the current application. 

Dr. Taylor has an extensive history and knowledge in inflammation research as shown 
by his statement attached to the Declaration as Appendix A and his curriculum vitae attached 
as Exhibit SMT-1. 

Applicants direct the Examiner's attention to paragraph 5 on page 2 of Dr. Taylor's 

Declaration where he states: 

I consider that in fact the model systems described in the 
specification are very well accepted as being generally 
predicative of anti-inflammatory efficacy, not only in the 
treatment of rheumatoid arthritis but in other inflammatory 
conditions. Moreover, I consider that efficacy and the 
treatment of rheumatoid arthritis is regarded as being 
reasonably predicative of efficacy and other inflammatory 
arthritides. 
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Furthermore, the Examiner's attention is drawn to paragraph 7 of Dr. Taylor's 
Declaration (found on page 2) in which he describes the performance of additional assays 
both in vitro and in the rat carrageenan paw oedema model and rat adjuvant arthritis model 
described in the specification demonstrating that compounds of the invention have anti- 
inflammatory and anti-arthritic activity. The results are presented in a published manuscript 
and are attached to Dr. Taylor's Declaration as Exhibit SMT-2. 

With respect to the predicative value of the rat paw oedema assay the Examiner's 
attention is directed to paragraph 1 1 of Dr. Taylor's Declaration (found on page 3) wherein 
he states 

I emphasize that the in vitro assays described in the 
specification in the rat paw oedema model are general models 
useful for testing anti-inflammatory activity, and are not 
restricted to assessment of efficacy in the treatment of arthritis. 
They are therefore useful as preliminary tests for efficacy in 
any inflammatory condition. (Emphasis in original) 

This statement by Dr. Taylor confirms Applicants' position that the models provided 
in the specification support the enablement of the claimed compounds for treating 
inflammatory arthritis. Further discussion of the predictive value of the models used in the 
specification is discussed by Dr. Taylor in paragraphs 12-13 (pages 3-4) in which he 
describes why the antigen induced arthritis models are physiologically relevant based on 
similarities between pathologies associated in the model with the actual disease conditions. 
Dr. Taylor also points to the literature which demonstrates that the antigen induced arthritis 
model is a well-established experimental model of arthritis as well as other anti-inflammatory 
and immune based therapies (see paragraph 14 on page 4 of the Declaration). He refers to 
these articles as Exhibits SMT-3, SMT-4 and SMT-5. 
On page 5, paragraph 16, Dr. Taylor states 

I therefore believe that a person of ordinary skill in the art 
would, once in possession of the present specification, have a 
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Dr. 



reasonable expectation that the compounds of the invention 
would be useful and the treatment of numerous inflammatory 
conditions, especially several inflammatory arthritis, and most 
notably rheumatoid arthritides. 

Taylor also provides data which are attached to the Declaration as Exhibit SMT-6. 



The data demonstrated that: 

antigen induced arthritis as being an established model of RA 
that involves stimulation of T-lymphocyte reactivity against the 

immunizing antigen. This model is induced by the 
immunization of animals with a protein antigen (methylated 
bovine serum albumin, ovalbumin or fibrin) and an adjuvant, 
followed by the intra-articular injection of the same antigen. 
This results in an immune-complex mediated inflammatory 
response, characterized by chronic synovitis, which is localized 
through the injected joint. (See paragraph 19 on page 5 of Dr. 
Taylor's Declaration). 

Further evidence that the rat carrageenan-induced acute model of inflammation is 
useful for testing and assessing anti-inflammatory activity is provided as Exhibit SMT-7 of 
Dr. Taylor' s Declaration. Exhibit SMT-7 is a copy of the U.S. Food and Drug 
Administrations Center for Biologies Evaluation Research and Guidance for Industry on 
"Clinical Development Programs for Drugs, Devices and Biological Products for the 
Treatment of Rheumatoid Arthritis (RA)." In particular, the Examiner's attention is drawn to 
paragraph 20 (page 6) of the Declaration wherein Dr. Taylor summarizes these guidelines in 
relation to the disclosure of the present specification: 

the rat carrageenan-induced acute model of inflammation is 
stated to be useful in assessing anti-inflammatory activity, and 
it is also stated that most of the animal models which involve 
inflammation in the paw may be used for measuring 
antiphlogistic (i.e., anti-inflammatory) action of a drug. This is 
the carrageenan-induced footpad inflammation model which is 
described in the present specification. 

As further evidence that this model is predicative of rheumatoid arthritis and anti- 
inflammatories, in general, Dr. Taylor notes in paragraph 21 (page 6) that there are hundreds 
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of publications using the carrageenan-induced arthritis model for testing anti-inflammatory 

compounds. 

In view of this extensive discussion of the knowledge in the field and the data of 
record in this application, Dr. Taylor, in paragraph 24 (page 7) concludes: 

I therefore consider that a person of ordinary skill in the art 
would, once in possession of the present specification, have a 
reasonable expectation that the compounds of the invention 
would be useful in the treatment of numerous inflammatory 
conditions, especially several inflammatory arthritis, and most 

notably rheumatoid arthritis. Moreover, such a person would 
readily be able to test efficacy of the compounds of the 
invention for this purpose in well-established experimental 
models, without the need to exercise any further inventive 
effort. Accordingly, I consider that the specification provides 
an enabling disclosure of a method of treating inflammatory 
arthritis, comprising the step of administering an effective 
amount of a compound of the invention to a mammal in need 
thereof. 

Turning to the Declaration of Dr. Santer, it is noted that Dr. Santer also has an 

extensive history and knowledge in the field of connective tissue and arthritis research which 

is supported by the copy of her curriculum vitae attached to her Declaration as Exhibit VBS- 

1. In particular, the Examiner's attention is drawn to paragraphs 11,12, and 13 (pages 3-4) 

of Dr. Santer' s statements in which she confirms that 

the carrageenan-induced footpad oedema is a widely used 
standard assay for assessing the anti-inflammatory activity of 
candidate drugs for this indication, and that adjuvant-induced 
arthritis is also widely used for this purpose. . . For example, 
the rat footpad model was used for the initial demonstration of 
the anti-inflammatory activity of indomethacinn piroxicam, to 
well-known non-steroidal anti-inflammatory drugs (NSAIDs) 
which are very commonly used in the treatment of rheumatoid 
arthritis and other inflammatory arthritises, such as psoriatic 
arthritis and ankylosing spondylitis. 

Information sheets for the NSAIDs are attached to Dr. Santer's Declaration as Exhibit 

VBS-4. 
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Based on Dr. Santer's extensive background and knowledge of the field, she 
concludes 

I therefore consider that long before the priority date, the 
experimental models described in the specification in respect of 
the present application were widely known in the art, and 
regarded as reasonably predictive of results in humans. 

In view of (1) the above discussion, (2) the description in the specification, (3) the 
data of record in this application, (4) the Declaration of Dr. Taylor and supporting Exhibits, 
and (5) the Declaration of Dr. Santer and supporting Exhibits, the methods claimed in Claims 
62-73 are unquestionably enabled by the specification as originally filed. Therefore, 
Applicants respectfully request withdrawal of this ground of rejection. 

Upon withdrawal of this rejection, Applicants also request that this application be 

allowed. Early notice of such allowance is requested. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 
Norman F. Obion 

Customer Number 

22850 




Daniel J. Pereira, Ph.D. 
Registration No. 45,5 1 8 



Tel: (703)413-3000 
Fax: (703)413 -2220 
(OSMMN 08/03) 
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US Patent Application No. 
09/446,109 by The 
University of Queensland 



STATUTORY DECLARATION UNDER RULE 132 



I, Vivien Bedford Santer of 21 High Road, Camberwell, in the State of Victoria 3124, 
Commonwealth of Australia, do solemnly and sincerely declare as follows: 

L Lam a registered patent attorney and a member of the firm of Griffith Hack 

of 509 St Kilda Road, Melbourne, in the State of Victoria 3004, Commonwealth of 
Australia (hereinafter referred to as my firm), which is acting on behalf of the assignee of 
the present application, and I am the patent attorney primarily responsible for prosecution 
of this application in Australia and in other countries. I am responsible for instructing the 
applicant's United States attorneys, Messrs. Obion Spivak McClelland Maier & Neustadt 
PC. 

2: Lhave also worked in the field of medical research for many years, 

including several years of research in the field of connective tissue and arthritis research, 
A copy of my curriculum vitae is now shown to me, and is annexed hereto as Exhibit 
VBS-1. 



3, Lhave read and understood the Office Action dated 18 December 2003 

issued in respect of this application. 



2 

4 In this Office Action, the Examiner has raised an objection under Section 

112 first paragraph that the specification does not provide an enabling disclosure in 
respect of a method of treating an inflammatory condition, an arthritic condition, or an 
inflammatory arthritis, comprising the step of administering an effective amount of a 
compound of the invention to a mammal in need thereof. 

5. From January 1974 to November 1976 I was a Senior Tutor in the 

Department of Biochemistry at Monash University in Melbourne, Australia and worked 
in the Connective Tissue Group of the Department. This group had for a number of years 
used carrageenin-induced arthritis in rabbits as a model system for rheumatoid arthritis. 
Members of this research group were investigating various aspects of pathological 
changes in cartilage morphology and metabolism, and the group had published many 
papers on results obtained using this model. 

6. From 1980 to 1981 1 was a post-doctoral fellow in the Joint Diseases 

Laboratory at the Shrine's Hospital for Crippled Children in Montreal, Canada, inter alia 
carrying out studies on protoglycans in human articular cartilage. 

7- During these two periods I was familiar with the scientific literature in the 

field, and maintained an awareness of new developments. In particular, I was aware of 
the animal model systems which were being used in the study of rheumatoid arthritis and 
other inflammatory arthritides. For example, I was aware of the use of the seaweed 
polysaccharide carrageenin to induce a variety of inflammatory responses. These 
included granulomas induced by subcutaneous injection of carrageenin; footpad oedema 
induced by sub-plantar injection of carrageenin into the footpad of rats; and 
adjuvant-induced arthritis in rats or mice. All of these models used small rodents, and 
consequently the types of study which could be carried out were limited by the size of the 
joint. 

8, For this reason, the laboratory at Monash University had adopted a model of 

arthritis induced by intraarticular injection of carrageenin into rabbits. This model had 
already been used at Monash University for some years before I joined the laboratory, 
and I myself used this model. I was co-author on two publications in which this model 



was used, and copies of abstracts of these publications are annexed hereto as Exhibit 
VBS-2. 



9: This model has only partially been superceded by antigen-induced arthritis, 

which was initially described in 1962. I was involved in introducing this model to the 
laboratory at Monash University in about 1975-1976, and I was a co-author of a 
publication reporting studies using the antigen-induced arthritis model in rabbits. A copy 
of the abstract of this publication is annexed hereto as Exhibit VBS-3. 

10. Thr ough my reading of the scientific literature and through my subsequent 
work as a patent attorney in respect of patent applications relating to methods and 
therapeutic agents for the treatment of rheumatoid arthritis and other inflammatory 
arthritides, I was aware well before the priority date of the present application that 
collagen-induced arthritis is regarded as the most closely related form of antigen-induced 
arthritis to rheumatoid arthritis. However, I was aware both from the literature and from 
the work of my colleagues at Monash University that collagen is a protein which is very 
difficult to prepare in highly-purified form. Consequently I was aware that other 
antigens, such as ovalbumin or albumin are much cheaper and easier to obtain, and that 
such antigens are more commonly used in the art, at least in preliminary studies. 

11. L was a ls° aware that carrageenin-induced footpad oedema is a widely used 

standard assay for assessing the anti-inflammatory activity of candidate drugs for this 
indication, and that adjuvant-induced arthritis is also widely used for this purpose. I was 
aware that these assays are widely regarded in the art as being predictive of efficacy in 
the treatment of inflammatory conditions, including inflammatory arthritides. 

12. For example, the rat footpad model was used for the initial demonstration of 

the anti-inflammatory activity of indomethacin and piroxicam, two well-known non- 
steroidal anti-inflammatory drugs (NSAIDs) which are very commonly used in the 
treatment of rheumatoid arthritis and other inflammatory arthritides, such as psoriatic 
arthritis and ankylosing spondylitis. Proprietary information sheets referring to this 
which were found on the World Wide Web are annexed hereto as Exhibit VBS-4. 
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I therefore consider that long before the priority date the experimental 



models described in the specification in respect of the present application were widely 
known in the art, and regarded as reasonably predictive of results in humans. 

And I make this solemn Declaration by virtue of the Statutory Declarations Act 1959, and 
subject to the penalties provided by the Act for the making of false statements in 
Statutory Declarations, conscientiously believing the statements contained in this 
Declaration to be true in every particular. 




2004 




Vivien Bedford Santer 
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AUSTRALIA 
Patents Act 1990 

TN THE MATTER OF 

US Patent Application No. 09/446,109 

by The University of Queensland 

EXHIBIT VBS-1 

This is Exhibit VBS-1 refeiTed to in the Statutory Declaration by Vivien Bedford Santer 
dated 13^ 
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of the Legal Practice Act 1996. 
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CURRICULUM VTTAE - PR V TVTRN SANTER 
Date of Birth : February 6th, 1949 

University Education : 

B.Sc. University of Melbourne, 1967-1969. 

First year- Pure Mathematics I Honours IBB 

Chemistry IA Honours HA 

Physics IA Honours m 

Biology Honours I 

N.B. - Chemistry IA and Physics IA were Honours level 
subjects. 

Second year: Chemistry IB Honours I 

(second in class) 

Physiology and Biochemistry Honours HI 
(This subject included a Histology unit) 
General Microbiology Honours I 

Third Year: Biochemistry II Honours DA 

Virology Honours I 

Bacteriology Honours IIA 

Australian Society for Microbiology Prize for Virology 
B.Sc. (Hons) University of Melbourne 1970 

A research project was carried out in the Electron Microscopy Laboratory at the Walter 
and Eliza Hall Institute of Medical Research under the supervision of Dr T.E. Mandel. 
The Honours thesis was entitled "Light and electron microscope studies on 
antigen-binding in vitro in the immune response". 

Received Honours HA. 

Ph.D. - University of Melbourne 1974. 

Research work was earned out in the same laboratory under the supervision of Professor 
G.J.V. Nossal (now Sir Gustav Nossal) and Dr T.E. Mandel The thesis was entitled 
"Ultra-structural and functional studies on lymphocyte membranes: surface 
immunoglobulin receptors and the surface coat". 
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Positions Held : 

(1) Senior Tutor, Department of Biochemistry, Monash University, Melbourne, 
Australia. 

January 1974 - November 1976 
Subject of Research 

1. Light and electron microscope studies on carrageenin-induced arthritis and 
antigen-induced arthritis in the rabbit. These systems are used as models for 
human rheumatoid arthritis. 

2. Radioautographic studies on cartilage metabolism in model systems for 
arthritis. 

The position entailed extensive tutoring and laboratory class demonstrating to second 
year Science students, plus some lecturing. 

(2) Research Associate, Department of Anatomy, McGill University, Montreal, Canada. 
January 1977 - In Dr P.K. Lala's laboratory 

Subject of Research 

1 . Spontaneous fusion between Ehrlich ascites tumour cells and host cells in vivo, 
using surface H-2 antigens as a marker detected by sandwich 
radioimmunolabelling and radioautography, 

2. Studies on lymphocyte populations in mice bearing transplanted or 
spontaneous tumours, with reference to their subsets as determined by labelling 
with anti-Ig, anti-Thy 1 .2, and anti-Ly antibodies. 

3. Studies on the function of lymphocytes from mice with transplanted and 
spontaneous tumours in natural cytotoxicity assays in vitro and in vivo. 

Dr Santer was in charge of the laboratory from June 1977 to July 1978 during Dr 
Lala's absence on sabbatical leave; this involved supervision of two M.Sc. students 
and two technicians 

From September 1978 to October 1 979 she was jointly responsible for supervision of 
a B.Sc. (Hons.) student. 

(3) Post-doctoral Fellow, Joint Diseases Laboratory, Shriners 1 Hospital for Crippled 
Children, Montreal, Canada. In collaboration with Dr P.J. Roughley, carrying out 
studies on the proteoglycans of connective tissues. 



Ruh jfict of Research 



1 Studies on changes in the physical and chemical properties of proteoglycans 
from normal and degenerate cartilage of the human tibial plateau. 

2. Studies on the physical and chemical properties of proteoglycans from normal 
human articular cartilage and their changes with age. 

3. Studies on the oligosaccharide moiety of human articular cartilage 
proteoglycan. 

4 Studies on a latent proteoglycan-degrading enzyme in medium from human 
fibroblasts and synovial cells cultured in the presence of mononuclear cell 
factor (in collaboration with Dr Elaine Golds). 

Research Fellow, Departments of Physiology and Biochemistry, Monash University, 
1982 (Part-time). 

In collaboration with Dr C.J. Handley, Ms A. Fosang and Professors D.A. Lowther 
and G.D. Thorburn, carrying out morphological studies on changes occurring in the 
uterine cervix of the sheep during gestation and parturition. 



Research Fellow, Dean's Department, Faculty of Medicine, Monash-University 1983 
(Part-time). 

In collaboration with the Dean of Medicine, Professor G.C. Schofield, performing 
electron microscopic studies on acid secretion in the stomach, and on the effect ot 
Epidermal Growth Factor on gastric parietal and chief cells. 

Joined Griffith Hack (then called Clement Hack & Co.), Patent and Trade Mark 
Attorneys, Melbourne in June 1984 as a Technical Assistant. 

Completed the examinations for registration as a Patent Attorney in 1986, with 
Distinctions in Patents and Designs, and Credit in Trade Marks. 

Registered as a Patent Attorney, December 1986. 

Fellow of the Institute of Patent Attorneys of Australia, February 1987. 

Became a partner of the firm in July 1990. 

Responsible for preparation, filing and prosecution of Australian and foreign patent 
applications in all fields relating to biotechnology, particularly biochemistry, 



microbiology, and immunology, as well as general pharmacology and pharmaceutical 
chemistry; patent oppositions, searches, general advice, opinions and litigation 
support in these fields. 

Teaching Experience : 

- Part-time demonstrator in General Microbiology 1970-1971 (University of Melbourne). 

- Tutor and demonstrator in Biochemistry 203 1974-1976 (Monash University). 

- Lecturer in Biochemistry 205 1975-1976 (Monash University). 

- Supervision of B.Sc (Hons.) students 1974-1975 (Monash University); 1978 (McGill 
University). 

- Supervision of M.Sc. students l977-t978 (McGill University). 



Other Activities 

Dr Santer was invited to be the first Chairman of the Patents and Licensing Working Party of 
the Australian Biotechnology Association, and held that position from the inception of the 
Working Party in 1987 until 1997. The Working Party liases between the academic and 
industrial research communities and the patent and legal professions, and has made 
submissions to the Biotechnology Consultative Group of the Australian Department of 
Industry, Technology and Commerce and to the Minister on various matters. Inl997 the 
Working Party was replaced by the Intellectual Property Group, of which Dr Santer is a 
member. Dr Santer contributes a regular column to the bi-monthly Journal of the 
Association, and is a member of the organising committee of the Association's Victorian 
branch. Dr Santer was also a member of the Victorian Organising Committee of the 
Intellectual and Industrial Property Society from 1987 to 1989. 

Dr Santer has given lectures in management of intellectual property in the CSIRO training 
course for Divisional business managers and senior scientific staff, and frequently gives 
presentations on patenting at scientific and other conference, as well as contributing papers on 
patenting and intellectual property to journals in the biotechnology field. 

In 1995, Dr Santer accepted a Ministerial appointment to the Board of Patent Attorneys 
Professional Standards, and was the primary examiner for the Patents subject for registration 
as a patent attorney from 1995 to 1997. 

Since 1996 Dr Santer has been a non-executive director of Rothschild's Australasian 
Bioscience Investment Trust, now independent of Rothschild and called GBS Venture 
Partners Ltd. 

In March 2003 Dr Santer accepted an invitation to join the Advisory Committee on genetics, 
intellectual property rights and human health care, assisting the Australian Law Reform 
Commission with a reference from the Federal Government on "Intellectual Property Rights 
Over Genetic Material and Genetic and Related Technologies" 

Membership of Professional Societies : 

- Australian Society for Biochemistry and Molecular Biology 



- Australian Biotechnology Association 

■ Intellectual Property Society of Australia and New Zealand 

■ Licensing Executives' Society 

•International Federation of Industrial Property Attorneys 
■Asian Patent Attorneys' Association 
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Data Sheet 

iNfOHMATION FOR 

H<5/!\LTH PROFESSIONALS 
Data Sheet 

RHEUMACIN 

Indomethacin 



Presentation 



25 mg Capsules: white OP body, white OP cap, size 3. Contents a white powder. 
50 mg Capsules: white OP body, white OP cap, size 2, Contents a white powder. 
75 mg Capsules: clear colourless body, clear yellow cap, size 2. Contents small off-white spheres. 



Uses 



Actions 

RHEUMACIN (indomethacin) is a highly effective nonsteroidal anti-inflammatory medicine with marked 
analgesic and antipyretic properties. 

INDOMETHACIN is a potent inhibitor of prostaglandin synthesis in vitro. Concentrations are reached during 
therapy which have been demonstrated to have an effect in vivo as well 

INDOMETHACIN has been shown to be effective anti-inflammatory agent, appropriate for long-term use in 
rheumatoid arthritis, ankylosing spondylitis, and osteoarthritis. 

INDOMETHACIN affords relief of symptoms; it has not been shown to alter the progressive course of the 
underlying disease. 

INDOMETHACIN has been found effective in relieving the pain, reducing the fever, swelling, redness, and 
tenderness of acute gouty arthritis. 

The prostagiandin-inhibitory effect of INDOMETHACIN has been shown to be useful in the relief of pain and 
associated symptoms of primary dysmenorrhoea. 

Anti-inflammatory Action: 

The anti-inflammatory activity of INDOMETHACIN was first demonstrated in animals, measuring the ability of 
the compound to inhibit either granuloma formation or oedema induced by subplantar injection of carrageenm 
in rats The latter appears to correlate well with antirheumatic activity in humans. Assays of relative potency 
indicated that INDOMETHACIN was more potent than acetylsalicylic acid, phenylbutazone or hydrocortisone; 
the potency ratios differed with the test employed. 

The inhibition of carrageenin-induced oedema by INDOMETHACIN is specific the compound failed to inhibit 
oedema induced by a variety of agents other than cargeenin, nor did it reduce oedema if the medicine was 
administered after the oedema had been established. 

As with other anti-inflammatory agents, the mechanism of action of INDOMETHACIN is unknown. 
INDOMETHACIN is fully active in the absence of the adrenals and the activity is readily demonstrable by 
direct application of the compound to the site of action. Unlike anti-inflammatory steroids, INDOMETHACIN in 
intact animals did not affect the size of the adrenals or the thymus, nor did it retard gain in body weight; these 
are sensitive indications of adrenal activation. The anti-inflammatory activity of combinations of 
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INDOMETHACIN and a steroid was that of either medicine alone in comparable doses. 

Fyoeriments have shown INDOMETHACIN to have a favourable effect upon adjuvant-induced polyarthritis (in 
Ss 1 5 was more acBvTLn phenylbutazone or acetylsalicylic acid in suppress ng the delayed manifestations 
3 dissSnSaS. This P response is said to correlate well with clinical antiarthntic activity. 

Antipyretic Activity: 

The antipyretic activity of INDOMETHACIN has been demonstrated in rabbits and rats injected with bacterial 
pyrogen, and in the classical yeast-induced fever assay in rats. 

A direct comparison of peak antipyretic activity in the yeast fever test showed INDOMETHACIN to be about 
nine times as potent as aminopyrine, 24 times as potent as phenylbutazone, and 43 times as potent as 
acetylsalicylic acid. 

The antipyretic activity of INDOMETHACIN has been confirmed clinically by observations in patients with a 
variety of febrile conditions. 

Analgesic Activity: 

INDOMETHACIN is active in animal tests designed to assay analgesic activity ^^^^"3?^ 
Moderate doses raise the response threshold when pressure is applied l fl ° * e of the rat ' 

but do not affect responses to thermal stimuli, or to pressure on a non-mflamed foot Qua jjatwefc 
INDOMETHACIN behaves like an analgesic of the anti-inflammatory/antipyretic type typified by the 
salicylates, and not of the narcotic type typified by morphine. 

When single oral doses of INDOMETHACIN were assayed in the inflamed foot assay the compound i was 
found to be about 28 times as potent as acetylsalicylic acid and about 14 times as potent as phenylbutazone. 

Pharmacokinetics 

INDOMETHACIN is well absorbed after oral administration in all animals. In dogs, monkeys and rats, peak 
plasma levels after an oral dose occur within 0.5 to 2 hours. 

The route of excretion is related to the species of animal and is independent of the route of administration or 
size of dose. Nearly all the compound or medicine-related metabolites could be recovered in urine and 
Ses The rabbit eliminates INDOMETHACIN almost entirely in the urine, while the dog excretes nearly all 
the compound in the faeces. The rat. guinea pig. and monkey eliminate it by both routes. 

In rabbits, rats, guinea pigs, and monkeys some INDOMETHACIN is metabolised by deacylation or 
demethylation and the metabolites are excreted as such or as the glucuronide conjugate. 

Clinical Studies: 

Prostaglandins sensitise afferent nerves and potentiate the action of bradykinin in inducing pain in animal 
models Moreover, prostaglandins are known to be among the mediators of inflammation. Since 
INDOMETHACIN is an inhibitor of prostaglandin synthesis, the mode of action may be due to a decrease of 
prostaglandins in peripheral tissues. 

In patients treated with INDOMETHACIN for rheumatoid arthritis and osteoarthritis, the anti-inflammatory 
action of INDOMETHACIN has been shown by reduction in joint swelling, reduction in pain, reduction m 
duration of morning stiffness, reduction in disease activity as assessed by both the 'nvesjgator and patent; 
and by improved functional capacity as demonstrated by an increase in grip strength, and a decrease in time 
to walk 50 feet. 

Following single oral doses of Capsules INDOMETHACIN 25 mg or 50 mg, INDOMETHACIN is readily 
absorbed, attaining peak plasma concentrations of approximately 1 and 1 2 mcg/m , respectively at about 2 
hours. Orally administered Capsules INDOMETHACIN are virtually 1 00% b.oava.lable, with 90% of the dose 
absorbed within 4 hours. 

Capsules INDOMETHACIN SR 75 mg are designed to release 25 mg of the medicine initially and the 
remaining 50 mg over approximately 12 hours (90% of dose absorbed by 12 hours). When measured over a 
24 hou period Uhe Cumulative amount and time-course of INDOMETHACIN absorption from a singleCapsule 
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INDOMETHACIN SR are comparable to those of 3 doses of 25 mg Capsules INDOMETHACIN given at 4-6 
hour intervals. 

Plasma concentrations of INDOMETHACIN fluctuate less and are more sustained following administration of 
Capsules of INDOMETHACIN SR than following administration of 25 mg Capsules INDOMETHACIN given at 
4-6 hour intervals. In multiple-dose comparisons, the mean daily steady-state plasma level of 
INDOMETHACIN attained with daily administration of Capsules INDOMETHACIN SR 75 mg was 
indistinguishable from that following Capsules INDOMETHACIN 25 mg given at 0 f 6 and 12 hours daily. 
However, there was a significant difference in INDOMETHACIN plasma levels between the two dosage 
regimens, especially after 12 hours. 

Controlled clinical studies in patients with osteoarthritis have shown that one Capsule INDOMETHACIN SR 
was clinically comparable to one 25 mg Capsule INDOMETHACIN tld; and in controlled clinical studies in 
patients with rheumatoid arthritis, one Capsule INDOMETHACIN SR taken in the morning and one in the 
evening were clinically indistinguishable from one 50 mg Capsule INDOMETHACIN tld. 

INDOMETHACIN is eliminated via renal excretion, metabolism, and biliary excretion. INDOMETHACIN 
undergoes appreciable enterohepatic circulation. The mean half-life of INDOMETHACIN is estimated to be 
about 4.5 hours. With a typical therapeutic regimen of 25 or 50 mg tld, the steady-state plasma 
concentrations of INDOMETHACIN are an average 1 .4 times those following the first dose. 

INDOMETHACIN exists in the plasma as the parent medicine and its desmethyl, desbenzoyl, and desmethyl- 
desbenzoyl metabolites, all in the unconjugated form. About 60% of an oral dosage is recovered in urine as 
medicine and metabolites (26% as INDOMETHACIN and its glucuronide), and 33% is recovered in faeces 
(1 .5% as INDOMETHACIN). 

About 90% of INDOMETHACIN is bound to protein in plasma over the expected range of therapeutic plasma 
concentrations. 

Indications 

RHEUMACIN is indicated in active stages of: 

1. Rheumatoid arthritis 

2. Osteoarthritis 

3. Degenerative joint disease of the hip 

4. Ankylosing spondylitis 

5. Acute gouty arthritis 
It is also included for: 

Acute musculoskeletal disorders, such as bursitis, tendonitis, synovitis, tenosynovitis, capsulitis of the 
shoulder, sprains and strains. 

Low back pain (commonly referred to as lumbago). 

Fever (as a short-term adjunct to specific therapy). 

Inflammation, pain, trismus and swelling following dental procedures. 

Inflammation, pain and swelling following orthopaedic surgical procedures and nonsurgical procedures 
associated with reduction and immobilisation of fractures or dislocations. 

Pain and associated symptoms of primary dysmenorrhoea. 



Dosage and Administration 
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Dolonex*Gei 

(Piroxicam) 



DESCRIPTION 

Dolonex, brand of piroxicam, is a member of the chemical class of nonsteroidal anti- 
inflammatory drugs (NSAIDs), the oxicams. Piroxicam is an amphoteric compound. It 
occurs as a white to off-white crystalline solid, poorly soluble in water, dilute acid, and most 
organic solvents. It is slightly soluble in alcohols and in aqueous alkaline solution. 

Dolonex 0.5% Gel is available as a clear pale yellow gel. 

Each gram of gel contains piroxicam USP 5 mg 

Inert excipients include: ethyl alcohol, benzyl alcohol, propylene glycol, carbopol 940, di- 
isopropanolamine, hydroxyethyl cellulose, and water. 

ACTIONS 

Dolonex Gel is a nonsteroidal anti-inflammatory (NSAID) agent which also possesses 
analgesic properties. Edema, erythema, tissue proliferation, fever and pain can all be 
inhibited in laboratory animals by the administration of Dolonex Gel. 

Acute and chronic toxicity and irritation studies have been carried out in animals. In an 
acute study, albino rats were given a single dermal application of 5g/kg (200 - 300 times the 
recommended clinical application). No deaths, toxic signs or skin irritation were observed 
and no gross changes were found at autopsy. A one month study was conducted in albino 
rats. One group received a daily application of gel to dorsal skin of 1 g per rat, another was 
treated with the vehicle and the third group served as untreated controls. No skin irritation 
was noted at the treatment sites, and no drug-related changes were observed in hemotology, 
laboratory chemistries, organ weight, autopsy findings or histopathology. The gel was also 
evaluated for primary skin irritation, eye irritation, and phototoxicity in rabbits, and for 
photoallergy and skin sensitization potential in guinea pigs, all according to standard 
established protocols. No skin reactions were found after application of 0.5% gel or the 
vehicle to intact rabbit skin. On abraded skin, piroxicam gel produced slight erythema and 
edema which was slightly greater than that following vehicle. 

The anti-inflammatory and analgesic effects of Dolonex 0.5% Gel were studied in rats and 
guinea pigs using such standard models of pain and inflammation as carrageenin induced rat 
paw edema, ultraviolet erythema in guinea pigs, traumatic edema in rats, yeast induced pain 
in rats, croton oil induced erythema on guinea pigs abdomens, cotton pellet induced 
granuloma formation in rats and adjuvant induced arthritis in rats. Dolonex 0.5% Gel was 
comparable to indomethacin 1% gel in all of these models and was comparable to orally 
administered piroxicam in inhibiting inflammation in the rat paw edema model. 
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On the basis of various pharmacokinetic and tissue distribution studies in rats and dogs, 
piroxicam 0.5% gel is continuously and gradually released from the skin to underlying 
muscle or synovial fluid. In addition, equilibrium between skin and muscle or synovial fluid 
appears to be reached rapidly, within a few hours after application. 

A multiple dose study of twice-daily application of piroxicam 0.5% gel (total daily dose 
equivalent to 20 mg per day, piroxicam) for 14 days found that plasma levels rose slowly 
over the course of the treatment period and reached a value of over 200 ng/ml on the 4th 
day. On average, steady state plasma levels were between 300 and 400 ng/ml and mean 
values remained below 400 ng/ml even on the 14th day of treatment. These piroxicam 
levels observed at equilibrium were approximately 5% of those observed in subjects 
receiving similar oral dosing (20 mg daily). Elimination half-life in this study was 
calculated to be approximately 79 hours. In humans, the gel was well tolerated in skin 
sensitive volunteers. 



INDICATIONS 

Dolonex Gel is indicated for a variety of conditions characterized by pain, inflammation and 
stifihess, such as osteoarthritis (arthrosis, degenerative joint disease) of superficial joints 
such as the knee, post-traumatic or acute musculoskeletal disorders including tendonitis, 
tenosynovitis, periarthritis, sprains, strains and low back pain. 

CONTRAINDICATIONS 

1. Dolonex Gel should not be used in those patients who have previously shown a 
hypersensitivity to the gel or piroxicam in any of its dosage forms. The potential 
exists for cross sensitivity to aspirin and other nonsteroidal anti-inflammatory chugs. 

2. Dolonex Gel should not be given to patients in whom aspirin and other nonsteroidal 
anti-inflammatory drugs induce the symptoms of asthma, rhinitis, angioedema or 
urticaria. 
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WARNINGS 



Use in Pregnancy and in Nursing Mothers; Although no teratogenic effects were seen when 
Dolonex was orally administered in animal testing, the safety of Dolonex use during 
pregnancy or during lactation has not yet been established. Dolonex inhibits prostaglandin 
synthesis and release through a reversible inhibition of the cyclo-oxygenase enzyme. This 
effect, as with other nonsteroidal anti-inflammatory agents has been associated with an 
increased incidence of dystocia and delayed parturition in pregnant animals when drug 
administration was continued into late pregnancy Nonsteroidal anti-inflammatory drugs are 
also known to induce closure of the ductus arteriosus in infants. 



The presence of piroxicam in breast milk has been determined during initial and long term 
dosing conditions (52 days). Piroxicam appeared in breast milk at about 1% to 3% of the 
maternal plasma concentrations. No accumulation of piroxicam occurred in milk relative to 
that in plasma during treatment Dolonex gel is not recommended for use in nursing 
mothers as the clinical safety has not been established. 

Use in Children; Dosage recommendations and indications for use in children have not been 
established. 



PRECAUTIONS 



If local irritation develops, the use of the gel should be discontinued and appropriate therapy 
instituted as necessary. Do not apply to the eyes, mucosal surfaces, or to any sites affected 
by open skin lesions, dermatoses, or infections. 



ADVERSE REACTIONS 



Side effects possibly related to treatment have been infrequently reported. In clinical trials 
the vast majority of side effects involved mild or moderate local irritation, erythema, rash, 
pityroid desquamation, pruritus, and related local reactions at the application site. Mild but 
transient skin discoloration and staining of clothing have been noted when the gel is not 
rubbed in completely. 



OVERDOSAGE 



Overdosage is unlikely to occur with this topical condition. 
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DOSAGE AND ADMINISTRATION 

This product is intended for external use only. No occlusive dressing should be employed. 
Rub in the gel leaving no residual material on the skin. 

A dosage of one gram, equivalent to 5 mg of piroxicam (corresponding to approximately 3 
cm or \VV) should be applied to the affected site three or four times per day Therapy 
should be reviewed after 4 weeks. 



SUPPLY 

Dolonex 0.5% Gel: Tubes of 15g and 50g. 
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AUSTRALIA 



Patents Act 1990 



TN THR MATTER OF 
US Patent Application No. 
09/446,109 by The 
University of Queensland 



STATUTORY DECLARATION UNDER RULE 132 



I, Dr Stephen Maxwell Taylor of 17 Perdita Street, Bellbird Park, in the State of 
Queensland 4300, Commonwealth of Australia, do solemnly and sincerely declare as 
follows: 

1. lam an Associate Professor in the Department of Physiology and 

Pharmacology at The University of Queensland. I am also an inventor in respect of 
United States Patent Application No. 09/446,109. 

2. My relevant experience is attached hereto as Appendix A. A copy of my 

curriculum vitae is now shown to me, and is annexed hereto as Exhibit SMT-1. 

3. lhave read and understood the Office Action dated 18 December 2003 

issued in respect of this application. 

4 |n this Office Action, the Examiner has raised an objection under Section 

1 12 first paragraph that the specification does not provide an enabling disclosure in 
respect of a method of treating an inflammatory condition, included a method of treating 
inflammatory arthritis, comprising the step of adimnistering an effective amount of a 
compound of the invention to a mammal in need thereof. I understand that the Examiner 



has formed this opinion on the basis that while the specification discloses certain 
experimental models, and refers to treatment of rheumatoid arthritis. The Examiner does 
not consider that these model systems would be regarded in the art as being reasonably 
predictive of efficacy in other inflammatory arthritides, or in inflammatory conditions 
other than inflammatory arthritis. 

5. I>elieve that the Examiner is incorrect in taking this position, because I 

consider that in feet the model systems described in the specification are very well 
accepted as being generally predictive of anti-inflammatory efficacy, not only in the 
treatment of rheumatoid arthritis but in other inflammatory conditions. Moreover, I 
consider that efficacy in the treatment of rheumatoid arthritis is regarded as being 
reasonably predictive of efficacy in other inflammatory arthritides. I do not consider that 
any further inventive effort would be required in order to demonstrate efficacy of the 
compounds of the invention in such conditions. 

6. In fact, my colleagues and I have carried out further experimentation using 
assays and model systems which are well-known in the art, and have not required any 
further inventive effort in order to do so, This is discussed further below. 

7. Using in vitro assays, such as those described on page 26, lines 1 to 19, and 

line 21 to page 27, line 2 of the specification, and the rat carrageenin paw oedema model 
and rat adjuvant arthritis model described in Example 8 of the specification, we have also 
demonstrated that the compounds of the invention have anti-inflammatory and 
anti-aithritic activity. Hie data obtained using the antigen-induced arthritis model have 
already been provided to the Examiner in manuscript form with our first response dated 
21 April 2000. These results have now been published in Arthritis and Rheumatism 2002 
46:2476-2485. A copy of this paper is now shown to me and annexed hereto as Exhibit 
SMT-2. 

8. Iconsider that it is self-evident that it is standard practice in the art to use 

the cheapest and simplest experimental model first, and to progress a candidate agent to 
more complex, expensive and time consuming models only if the preliminary screening 
tests are successful. Both carrageenin-induced inflammation and antigen-induced 



arthritis are often thought to be more successful in the rabbit than in the rat, but the rat is 
a much cheaper animal to use. Antigen-induced arthritis requires prior sensitization, and 
thus is more time-consuming than carcageenan-mduced inflammation. Collagen-induced 
arthritis is also a notoriously variable model of human rheumatoid arthritis, and 
expression of the disease is highly variable in rodents, which are the preferred species. 
Practitioners in the art emphasise the difficulty of using commercial supplies of the 
antigen, which is associated with poor expression of the disease, and recommend the 
raising and purifying of collagen antigen from cultured bovine nasal epithelia in the 
investigators* own laboratory. This increases the costs and expertise required, and so 
restricts the use of this model. Carrageenin-induced footpad oedema is quick and easy to 
induce, and can readily be induced in rats; thus it is often used in preliminary screening. 

9 j The specification of the present application discloses in vitro assays for 

testing candidate anti-inflammatory agents for activity using a suitable surrogate marker. 
For example, a receptor-binding assay is described at page 26 lines 1 to 19 of the present 
specification, and an enzyme assay is described at page 26 line 21 to page 27 line 2. 

10, Iconsider that it is a matter of routine then to proceed to in vivo assays such 

as the cairageenin paw oedema and adjuvant arthritis models described at page 27 line 4 
to page 28 line 34 of the specification. Similarly, I consider that because the 
antigen-induced arthritis model is so well known it would require no further inventive 
activity to test the candidate agent in this model. 

11, I emphasise that the in vitro assays described in the specification and the rat 

paw oedema model are general models useful for testing anti-inflammatory activity, and 
are not restricted to assessment of efficacy in the treatment of arthritis. They are 
therefore useful as preliminary tests for efficacy in any inflammatory condition. 

12, Xfae antigen-induced arthritis model shares many histological similarities 

with human rheumatoid, as well as with other arthritides, including hyperplasia of the 
synovial membrane, mononuclear cell infiltration, acute and chronic phases, pannus 
formation, and secondary cartliage erosion. The model also shares the joint swelling and 
correlated mobility impairment seen in acutely inflamed human arthritic joints. Because 
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of the antigen-antibody nature of disease induction, the model has also been proposed as 
a model of reactive arthritis* The immuno-inflamraatory basis of the pathology in the 
antigen-induced arthritis model also mimics several features of human inflammatory 
aithrides, including synovial and systemic elevations in inflammatory cytokines, and the 
necessity for immune and inflammatory cell involvement. 

13. The antigen-induced arthritis model also shows numerous clinical and 

pathological similarities with psoriatic arthritis and reactive arthritis, and consequently is 
considered in the art to be a valid and useful animal model of human inflammatory 
arthritis. Thus, these features of antigen-induced arthritis in various experimental animals 
make this model useful as a model for ascertaining the effectiveness of new disease 
therapies. 

14. The antigen-induced arthritis model is a well-established experimental 

model of arthritis. The model is also highly responsive to anti-inflammatory and 
immune-based therapies, with significant efficacy shown by ibuprofen, indomethacin, 
prednisolone, infliximab, leflunomide, methotrexate, and several other agents which are 
used with success in treating human RA and other arfhritides. Copies of these articles are 
now shown to me, and are annexed hereto as Exhibits SMT-3, SMT-4 and SMT-5, 

15. For example, psoriatic arthritis is an inflammatory disease which affects 

joints, ligaments, tendons and sometimes the spine. Although psoriatic arthritis is 
associated with psoriasis, and occurs in a subset of patients with psoriasis, these two 
conditions are considered to be distinct diseases, which may have different 
pathophysiologies. According to the American College of Rheumatology, non-steroidal 
anti-inflammatory drugs (NSAIDs) are the initial treatment for arthritis symptoms in 
patients with psoriatic arthritis, an inflammatory arthritis. Consequently screening 
methods suitable for testing of anti-inflammatory drugs such as NSAIDs are suitable for 
testing candidate agents for treatment of this condition. Ankylosing spondylitis is a form 
of chronic inflammatory arthritis which most often affects the spine, and is treated in the 
same way as rheumatoid arthritis, with the same armory of drugs, including NSAIDs; 
Inflixamal (Remicade™), an antagonist of tumour necrosis factor (TNF), a general 
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mediator of inflammatory responses, is approved for use in the treatment of rheumatoid 
arthritis. Psoriatic arthritis and ankylosing spondylitis are sometimes referred to as 
spondyloarthropathies, because they affect areas around the joint where ligaments and 
tendons attach to bone (enfhesitis) rattier than the lining of the joint (synovium). 
However, the underlying pathological mechanisms are thought to be similar. 

Ik Itherefore believe that aperson of ordinary skill in the ait would, once in 

possession of the present specification, have a reasonable expectation that the compounds 
of the invention would be useful in the treatment of numerous inflammatory conditions, 
especially several inflammatory aithritides, and most notably rheumatoid arthritis. 
Moreover, such a person would readily be able to test the compounds of the invention in 
well-established experimental models, without the need to exercise any further inventive 
effort. Accordingly, the specification provides sufficient support for claims that a method 
of treating inflammatory arthritis, comprising the step of administering an effective 
amount of a compound of the invention to a mammal in need thereof. 

12. These tests are well known to have broad application. Although the present 

specification specifically describes the application of the invention to rheumatoid 
arthritis, a person skilled in the ait would clearly understand that the invention has 
application to inflammatory and arthritic conditions in general, as well as inflammatory 
arthritic conditions, such as rheumatoid arthritis. 

18, 3£e have carried out further experiments using the antigen-induced arthritis 

model in a study of the role of the complement system in rheumatoid arthritis. The results 
of these experiments have been set out in a draft manuscript, a copy of which is now 
shown to me, and is annexed hereto as Exhibit SMT-6. 

19. This manuscript describes antigen-induced arthritis as being an established 

model of RA that involves stimulation of T-lymphocyte reactivity against the 
immunizing antigen. This model is induced by the immunization of animals with a 
protein antigen (methylated bovine serum albumin, ovalbumin or fibrin) and an adjuvant, 
followed by the intra-articular injection of the same antigen. This results in an immune- 
complex mediated inflammatory response, characterised by chronic synovitis, which is 



localised to the injected joint. The ability to localise inflammation to the antigen-injected 
joint only (monoarticular arthritis) allows for an internal control in the contra-lateral 
joint. Many of the disease pathologies in this model mimic those seen in human 
rheumatoid arthritis (Table 1), having both acute and chronic phases of disease. There is 
also the capacity to induce subsequent flare-ups, which are commonly seen in rheumatoid 
arthritis, through die re-injection of the antigen. 

20. Moreover , the US Food and Drug Administration's Center for Biologies 

Evaluation and Research (CBER) provides guidance for industry on "Clinical 
Development Programs for Drugs, Devices and Biological Products for the Treatment of 
Rheumatoid Arthritis (RA)" on its website at 

http^/www.fda.gov/cber/gdlns/rheumch\ t htm . This is an extremely detailed set of 
guidelines, and Section in at page 6 sets out considerations in rheumatoid arthritis 
product development, including the selection of appropriate in vitro models (animal or 
human services) and in vivo animal models for screening potentially active agents. 
Page 8 states that collagen-induced arthritis is often considered to be a suitable model; 
this is a form of antigen-induced arthritis. The rat cairageenin-induced acute model of 
inflammation is stated to be useful in assessing anti-inflammatory activity, and it is also 
stated that most of the animal models which involve inflammation in the paw may be 
used for measuring antiphlogistic (i.e. anti-inflammatory) action of a drug. This is the 
carageenin-induced footpad inflammation model which is described in the present 
specification. Copies of the relevant pages from the US Food and Drug Administration's 
Center for Biologies Evaluation and Research website are now shown to me, and are 
annexed hereto as Exhibit SMT-7. 

21. Acursory search of the PubMed database reveals 25 pages of titles of 

publications on cairageenin-induced arthritis, and 138 pages of titles of publications on 
antigen-induced arthritis. Clearly these are both extremely widely-used models. 

22. Once the anti-inflammatory and anti-arthritic activity of the compounds of 

the invention had been demonstrated as described in the present specification, it was a 
matter of mere routine trial and error experimentation to formulate a method of treating 



inflammatory arthritis using the compounds of the present invention, and to test this 
method using well-accepted animal models, as discussed above. These in vivo 
experiments showed that the method was indeed effective. 

23. In fact the results were so favourable that the lead compound of the 

invention has progressed to human clinical trials in the treatment of rheumatoid arthritis, 
using oral administration, and of psoriasis, using topical administration. The results of 
these trials have been favourable, and a summary is now shown to me and is annexed 
hereto as SMT-8. Please note that this information is to be treated as 
commercial-in-confidence. 

24. Itherefore consider that a person of ordinary skill in the art would, once in 

possession of the present specification, have a reasonable expectation that the compounds 
of the invention would be useful in the treatment of numerous inflammatory conditions, 
especially several inflammatory arthritides, and most notably rheumatoid arthritis. 
Moreover, such a person would readily be able to test efficacy of the compounds of the 
invention for this purpose in well-established experimental models, without the need to 
exercise any further inventive effort Accordingly, I consider that the specification 
provides an enabling disclosure of a method of treating inflammatory arthritis, 
comprising the step of administering an effective amount of a compound of the invention 
to a mammal in need thereof. 
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And I make this solemn Declaration by virtue of the Statutory Declarations Act 1959, and 
subject to the penalties provided by the Act for the making of false statements in 
Statutory Declarations, conscientiously believing the statements contained in this 
Declaration to be true in every particular. 



DECLARED at Brisbane this 2004 




Stephen Maxwell Taylor 



BrfbrcmK 0<^&....ik€:.. 



A person empowered to witness 
Statutory Declarations under the 
) * ] laws of the State of Queensland, 



' Commonwealth of Australia 



APPENDIX A 



I have worked in the field of inflammation for more than 20 years, beginning with post- 
doctoral studies at the Washington State University, WA, USA. There I studied the role 
of inflammatory mediators in causing pulmonary inflammation. I then moved to San 
Diego in 1998 to Immunetech Pharmaceuticals, where 1 directed the search for new kinds 
of anti-inflammatory drugs and began work on the C5a antagonist project. In 1990 I 
moved to the University of Queensland and continued the development of C5a receptor 
antagonists, culminating in their discovery in 1997. Since then I have continued this 
work, and published extensively on the efficacy of these new drugs in numerous animal 
models of inflammatory disease where complement and C5a have been implicated as 
pathogenic factors. Details of this background and list of publications are detailed in my 
curriculum vitae. * 
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B.Sc. (Hons. 1 ), 197 1 University of Sydney, Australia 

Ph.D. (Pharmacology), 1978 University of Sydney, Australia 



Post-Doctoral Experience: 

1978-1982 Research Associate, Dept. of Pharmacology, School 
of Medicine, Oregon Health Sciences University, 
Portland, OR, U.S.A. 

1982- 1983 Research Fellow, Pulmonary Research Laboratory, 

Dept. of Medicine, St. Paul's Hospital, Vancouver, 
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1983- 1988 Research Assistant Professor, Dept. of Veterinary 

and Comparative Anatomy, Physiology and 

Pharmacology, & Dept. of Veterinary 

Microbiology & Pathology ,Washington StateUniversity, 

Pullman, WA, U.S.A. 
1 988-1990 Senior Scientist, Immunetech Pharmaceuticals, 

San Diego, CA , U.S.A. 
1 990-1993 Lecturer in Pharmacology, University of Queensland 
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1994-1999 Senior Lecturer, University of Queensland 
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1 1/1999 Director of Pharmacology, Promics Pty Ltd 
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Objective. To determine if the new, orally active 
C5a receptor antagonist, the cyclic peptide AcF- 
[OPdChaWR], reduces the severity of pathology in a rat 
model of immune-mediated monarticular arthritis. 

Methods. Arthritis was induced in the right knee 
of previously sensitized rats by the intraarticular injec- 
tion of methylated bovine serum albumin. Rats were 
examined for either 14 days or 28 days, or for 49 days 
following a second antigen challenge at 28 days. The C5a 
antagonist (1 or 3 mg/kg/day) and/or ibuprofen (30 
mg/kg/day) were administered orally on a daily basis 
either before or after arthritis induction. 

Results. Rats receiving AcF-[OPdChaWRJ had 
significant reductions in right knee swelling, gait dis- 
turbance, lavaged joint cell numbers, and right knee 
histopathology, as well as in serum levels of tumor 
necrosis factor a (TNFa) and intraarticular levels of 
interleukin-6 and TNFa on day 14. In the 14- and 28-day 
studies, ibuprofen resulted in a similar reduction in gait 
abnormalities and intraarticular inflammatory cells 
compared with the C5a antagonist, but was less effective 
in reducing knee swelling over the course of the study 
and had no effect on knee histopathology. Combination 
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therapy with AcF-[OPdChaWR] and ibuprofen resulted 
in no greater efficacy than with the C5a antagonist 
alone. Rats injected twice with the antigen in the 49-day 
study displayed the most severe histopathology and this, 
as well as knee swelling and gait abnormalities, was 
significantly reduced by repeated treatment with the 
C5a antagonist 

Conclusion. An agent that inhibits the action of 
C5a in this model significantly reduced joint pathology, 
while ibuprofen was not effective. C5a antagonists could 
therefore have broader therapeutic benefits than non- 
steroidal antiinflammatory drugs as antiarthritic 
agents for rheumatoid arthritis. 

Complement activation produces the 74-residue 
protein C5a, which is the most potent of the anaphyla- 
toxins (1). C5a mediates numerous immune and inflam- 
matory functions, including chemotaxis and activation of 
inflammatory cells, increased vascular permeability, 
spasmogenesis, immune regulation, and the release of a 
variety of inflammatory cytokines and mediators (1-3). 

Rheumatoid arthritis (RA) is an immune com- 
plex disease involving the local activation of inflamma- 
tory cells, predominantly in the smaller peripheral joints. 
The complement system, and in particular the factor 
C5a, has long been identified as a likely contributor to 
the pathogenesis of RA. Elevated levels of C5a have 
been found in the plasma and inflamed joints of patients 
with RA (4,5). The number of C5a receptors on synovial 
mast cells is also increased in RA (6). Most important, 
the degree of complement activation in the joint and 
circulation correlates with the severity of the disease, 
suggesting that C5a plays a central role in disease 
pathogenesis (7-10). 

Several animal models of RA have been used to 
elucidate the role of complement and C5a in this 
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disease. Depletion of complement with cobra venom 
factor has been shown to delay the disease onset in a 
number of laboratory models of RA, including adjuvant 
arthritis, collagen-induced arthritis (CIA), and antigen- 
induced arthritis (AIA) in rats (11-13). Administration 
of recombinant soluble complement receptor 1 (sCRl) 
or anti-C5 antibodies, either intraperitoneally (IP), in- 
travenously (IV), or intraarticularly (IA), has been 
shown to reduce disease progression in anti-CD59 
antibody-induced models of acute arthritis (14), CIA 
(13,15), and AIA (12). However, the role of C5a as a 
pathogenic factor in these models has been difficult to 
prove due to the lack of availability of a specific C5a 
antagonist. 

This issue was addressed recently with the use of 
a peptidic C5a receptor antagonist, MeFKPdChaWr, in 
a model of membrane attack complex (MAC)- 
dependent anti-CD59 antibody-induced arthritis (14). 
Administration of the antagonist, either IV or IA, failed 
to inhibit the development of disease parameters (14). 
Explanations for the apparent lack of C5a involvement 
in this animal model include the possibility of impaired 
clearance of MAC rather than activation of the comple- 
ment cascade, failure of pathology to be affected by 
complement depletion, and resolution of the lesion 
within 3 days (16). 

Current drug therapies for RA remain relatively 
ineffective at retarding disease progression and are 
associated with significant side effects (for review, see 
ref. 17). Drugs such as the nonsteroidal antiinflamma- 
tory drugs (NSAIDs), which include ibuprofen, provide 
palliative relief of symptoms, but have little beneficial 
effect on the pathology and progression of disease 
(17,18). Patients with developing RA require an effec- 
tive, orally active therapy that will moderate the symp- 
toms as well as arrest the progression of the destructive 
joint pathology. 

Researchers in our laboratory have recently de- 
veloped a series of small molecule antagonists of the 
human C5a receptor (19,20). One of these is a cyclic 
peptide, AcF-[OPdChaWR], which is orally active and 
has been shown to effectively reduce the severity of 
diseases in various rat models (21-23), In the present 
study, we tried to use this specific C5a receptor antago- 
nist to determine the relative contribution of C5a in the 
pathogenesis of immune-mediated monarticular arthri- 
tis and assess the effectiveness of the antagonist in 
treating the disease symptoms and pathology. This com- 
pound has been shown to be a potent antagonist of both 
human and rat C5a receptors on polymorphonuclear 
leukocytes (PMNs) (24). It is also a potent antagonist of 



C5a receptors on human macrophages (25). We there- 
fore hypothesized that any demonstration of anti- 
arthritic activity in rats would bode well for future 
testing in human arthritic conditions. The data herein 
demonstrate that oral administration of AcF- 
[OPdChaWR), either before or after induction of the 
disease, is effective at preventing the development of 
pathology and moderating disease progression. These 
findings confirm the importance of C5a in this disease 
model and suggest a future role for antagonists of the 
C5a receptor in the treatment of immune-mediated 
arthritis and other inflammatory diseases. 

MATERIALS AND METHODS 

Animals. Female Wistar rats weighing 225-275 gm 
were used in this study. All animal experimentation conducted 
in this study was performed in accordance with National 
Health and Medical Research Council of Australia guidelines. 

Antagonist preparation. The cyclic peptide, AcF- 
[OPdChaWR] (AcPhe[Orn-Pro-D-cyclohexylalanine-Trp- 
Arg]), was manufactured as previously described (20). The 
compound was purified by reverse-phase high-performance 
liquid chromatography and fully characterized by mass spec- 
trometry and proton nuclear magnetic resonance spectroscopy. 

Experimental procedure, Rats were sensitized by sub- 
cutaneous injection of 0*5 mg methylated bovine serum albu- 
min (mBSA; Sigma, St. Louis, MO) in 0.5 ml Freund's 
complete adjuvant (Sigma) on day 21 and day 14 prior to 
challenge. Two weeks after the second injection (day 0), rats 
were anesthetized with ketamine (80 mg/kg IP, ilium; Lyppard, 
Brisbane, Australia) and xylazine (12 mgflcg IP, fflum; Lypp- 
ard) and both hind legs were shaved. A suspension of 0.5 mg 
mBSA in 100 /d saline was aseptically injected into the joint 
space of the right knee, with the contralateral left knee 
receiving saline alone. Swelling of the right and left knees was 
quantitatively assessed at various times during the study period 
by measuring the medial-lateral width across the joint with 
Vernier calipers. The appearance of each rat's gait was also 
scored (0-4) independently in a blinded manner during the 
Study. A normal gait (no limp and full weight-bearing ability 
on the right hind leg) was scored as 0; a mild limp on the right 
hind leg was scored 1; a moderate limp on the right hind 
leg was scored 2; a severe limp on the right hind leg was scored 
3; and no weight-bearing ability on the right hind leg was 
scored 4. 

At the completion of each study, left and right knee 
joints were lavaged with 100 fd saline and total and differential 
cell counts were performed. The fluid was then centrifuged 
(ll,00Cfc, 3 minutes) and the supernatant stored at -20°C until 
analyzed for concentrations of tumor necrosis factor a (TNFa) 
and interleukin-6 (IL-6). A sample of blood was also obtained, 
allowed to clot, and centrifuged (ll,00Qg, 3 minutes), with the 
resulting serum stored at -20°C for later determination of 
TOFa concentrations. The knee joints from every rat were 
dissected out, stored in 10% buffered formalin for at least 10 
days, and decalcified in a saturated solution of EDTA for 21 
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days. They were then embedded in paraffin, and sections were 
cut, mounted, and stained using hematoxylin and eosin. 

Study design and treatment groups. Three separate 
experimental trials were conducted lasting either 14, 28, or 49 
days after arthritis induction. Hie trials lasting 14 or 28 days 
were performed twice and data were pooled for the final 
analysis. There were no differences in results between the 
replicate experiments. A very small proportion of sensitized 
rats (4 of 130) showed no knee swelling after intraarticular 
injection of antigen; these rats were excluded from the study. 

In the initial experimental trial, rats were monitored 
for 14 days after arthritis induction. One group of rats received 
1 mg/kg/day AcF-[OPdChaWR] in the drinking water, com- 
mencing 2 days prior to the induction of arthritis on day 0 and 
continuing throughout the study. The control group received 
water only. It was initially determined that rats drink 25 i 3 ml 
water per day (mean ± SEM; n = 8), and drinking volumes 
were monitored dairy during the experiments to validate the 
dose delivery, Administration of the C5a antagonist at this 
dose in the drinking water of rats for 7 days was effective at 
completely blocking C5a-induced neutropenia and the binding 
of C5a to neutrophils isolated from these rats (data not 
shown). The prolonged in vivo activity of the C5a antagonist 
following a single oral dose (22) also validated this dose 
regimen. Another group of rats received either AcF- 
[OPdChaV/R] (1 mg/kg/day) or ibuprofen (sodium salt, 30 
mg/kg/day; Sigma) in the drinking water from day +2 onward, 
with control rats receiving water alone. 

In the second study, rats were monitored for 28 days 
after arthritis induction. Animals received either AcF- 
[OPdChaWR] (1 mg/kg/day), ibuprofen (sodium salt, 30 mg/ 
kg/day), or a combination of AcF-[OPdChaWR] (1 mg/te/day) 
and ibuprofen (sodium salt, 30 mg/kg/day) in the drinking 
water from day -2 onward. Control animals received water 
only. A separate group of rats received AcF-[OPdChaWR] (3 
mg/kg/day) in the drinking water from day +4 onward, with 
control rats receiving water only. 

In the third study, rats were monitored for 49 days after 
induction of arthritis, with rats being reanesthetized on day 28 
with a second injection of 0.5 mg mBSA in 100 p\ saline in the 
right knee and saline alone in the left knee. In this study, one 
group of rats received 1 mg/kg/day AcF-[OPdChaWR] in the 
drinking water from day -2 and throughout the study, with the 
arthritic control rats receiving water only. 

TNFer and XL-6 measurement Samples of serum and 
intraarticular lavage fluid were assayed for TNFa levels using 
an enzyme-linked immunosorbent assay (EUSA) kit (Phar- 
Mingen, San Diego, CA) with a 1:10 dilution of samples as 
previously described (21,22). Intraarticular levels of 11^6 in the 
lavage fluid were determined using an ELISA method as 
previously described (21,22), Concentrations of TNFa and 
1L-6 in the samples were determined by linear regression 
analysis from the standard curve. 

Histologic evaluation. Histologic sections from the 
right and left stifle joints of each animal were examined by an 
independent observer (IAS) in a blinded manner and graded 
on a scale of 0-4. A grade of 0 involved no detectable 
abnormalities. Pathology of grade 1 had some inflammatory 
cell infiltration in the synovial membrane with no significant 
thickening of the membrane or cartilage erosion. Joints with 
extensive inflammatory cell infiltration and thickening of the 



synovia) membrane were scored 2. Joints with a more severe 
lesion were scored as 3, while the most severe lesion (scored 4) 
showed significant thickening and fibrosis of the joint capsule, 
involvement of the articular cartilage, appearance of inflam- 
matory cells in the joint space, and extensive synovitis. 

Statistical analysis. All experimental results are ex- 
pressed as the mean ± SEM. Data were analyzed using 
GraphPad Prism 3.02 software (GraphPad Software, San Di- 
ego, CA). Statistical comparisons were made between drug- 
free arthritic rats and all other treatment groups or between 
the arthritic right knees and saline-injected left knees, using 
either Student's Mest or the Mann-Whitney U test. P values 
less than 0.05 were considered statistically significant. 

RESULTS 

Fourteen-day study. Measurements of the saline- 
injected left knee of each rat did not significantly change 
from preinjection values during the course of each 
experiment (data not shown). Following the injection of 
mBSA on day 0 in drug-free sensitized rats, the average 
increase in the width of the right knee peaked on day +3 
(4.69 ± 0.32 mm; n « 11) (Figure 1A). Rats that had 
been pretreated from day -2 with AcF-[OPdChaWR] (1 
mg/kg/day) had significantly (P < 0.05) reduced right 
knee widths from days +2-14 (peak on day +3 2.08 ± 
0.59 mm; n = 9) compared with drug-free arthritic rats 
(Figure 1A). Gait scores in drug-free arthritic rats also 
increased above baseline levels following induction of 
arthritis (Figure IB). Pretreatment with the C5a antag- 
onist significantly decreased these scores from days 
+2-14 (P < 0.05). There was a high correlation between 
gait scores and knee swelling in drug-free arthritic rats 
for all 3 experimental trials (14-day trial r 2 = 0.83, n - 
7; 28-day trial r 2 = 0.96, n = 11; 49-day trial r 2 = 0.84, 
n - 17) from day +2 to completion of the study. 

In a separate study, the effects of the C5a antag- 
onist or ibuprofen on knee swelling and gait scores 
following the establishment of arthritis were examined. 
Rats treated with either AcF-[OPdChaWR] (1 mg/kg/ 
day) or ibuprofen (30 mg/kg/day) from days +2-14 had 
significantly reduced knee swelling (days +3-14) and 
gait scores (days +4-14) compared with arthritic rats 
that received no drug treatment (P < 0.05; Figures 1C 
and D). 

In the initial 14-day study, TNFa and IL-6 levels 
were found to be elevated in the right knee lavage fluid 
on day 14, as were TNFa levels in the serum of drug-free 
arthritic rats (Figures 2A and B). Rats pretreated with 
the C5a antagonist had significantly lower levels of these 
cytokines (P < 0,05; Figures 2A and B) in the joint and 
serum on day 14. The majority (>90%) of cells recov- 
ered from the right knee lavage fluid on day 14 were 
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Figure 1. Right knee swelling and gait scores (14-<lay study). Antigen 
was injected into the right articular capsule of rats on day 0, which 
resulted in increases in knee swelling and gait scores (scored 0-4). 
Rats treated with AcF-[OPdChaWR] (1 mg/kgtfay) from day -2 
onward had significantly reduced knee swelling (A) and gait scores (B) 
compared with drug-free arthritic rats. Rats treated with AcF- 
[OPdChaWR] (1 mg/kg/day) oribuprofen (30 mg/kg/day) from day +2 
onward also had a significant reduction in knee swelling (C) and gait 
scores (D) compared with drug-free arthritic rats. Results are ex- 
pressed as the mean and SEM, with periods of significant difference 
from drug-free arthritic rats denoted by bars (solid for AcF- 
[OPdChaWR] and dashed for ibuprofen) (? < 0.05; n « 9-12). D = 
period when drug treatment began. 



PMNs. Significantly fewer PMNs were found in the 
lavage fluid of rats treated with AcF-[OPdChaWR] or 
ibuprofen throughout the study, or in rats treated with 
the C5a antagonist from day +2, compared with drug- 
free arthritic rats (P < 0.05; Figure 2C). 

The saline-injected left knees of all rats in every 
study showed no histologic abnormalities (Figure 3A) 
and all were scored 0 (data not shown). Sections from 
the right knees of drug-free arthritic rats on day 14 had 
marked cellular infiltration, which was predominantly 
neutrophils, and mild synovial cell proliferation, with a 
mean ± SEM histopathology score of 3.2 ± 0.3 (n = 16; 
Figures 2D and 3B and C). Histologic sections from rats 
pretreated with AcF-[OPdChaWR] had a lesser degree 
of cellular infiltration and synovial proliferation, result- 
ing in a significantly lower histopathologic score of 1.4 ± 
0.5 (P < 0.05; n = 8) (Figures 2D and 3D and E). 



Histologic sections from rats posttreated with the C5a 
antagonist 2 days after the induction of arthritis also had 
a lower degree of cellular infiltration and synovial 
proliferation compared with those from drug-free ar- 
thritic rats, although to a lesser extent than rats pre- 
treated on day -2 with the C5a antagonist (Figure 3F). 
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Figure 2. Intraarticular cytokine and polymorphonuclear leukocyte 
(PMN) levels, serum tumor necrosis factor o (TNFa) levels, and 
histopathologic scores (14-day study). Antigen was injected into the 
right articular capsule and saline into the left articular capsule of rats 
on day 0. On day 14, the animals were killed and the knee capsules 
lavaged for determination of TNFa and interleukin-6 (IL-6) levels, and 
PMN numbers. Serum was also analyzed for TNFa concentrations, 
and histopathologic analysis (scored 0-4) was performed on knee 
sections. A, Intraarticular TNFa and IL-6 concentrations were found 
to be significantly reduced in the right knee capsules of rats treated 
with AcF-[OPdChaWR] (1 mg/kg/day, days -2-14) compared with 
drug-free arthritic rats (n = 4-3). B, Serum levels of TNFa were also 
significantly reduced in rats treated with AcF-lOPdChaWR] (1 mg/kgf 
day, days -2-14) compared with drug-free arthritic rats (n = 8). C, 
Numbers of PMNs in the right knee intraarticular lavage fluid were 
significantly reduced in all drug treatment groups compared with right 
knee articular fluid from the drug-free arthritic rats (n - 8-12). D, 
Histopathologic scores in rats treated with AcF-[OPdChaWR) (1 
mg/kg/day), either from days -2-14 or from days +2-14, were 
significantly lower than those in drug-free arthritic rats (n = 8-16). 
Rats treated with ibuprofen (30 mg/kgAIay, days +2^-14) had no 
improvement in histopathologic scores (n = 5). Data are expressed as 
the mean and SEM. * = P < 0.05. 
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Figure 3. Sections of knees from rats in the 14-day study. A, Saline- 
injected left knee with normal synovial membrane (SM) and joint 
space (JS) (score 0). B, Arthritic right knee of a drug-free rat, with 
inflammatory cells (IC) evident in the joint space (score 3). C ( Higher 
magnification of the boxed area in B, with neutrophils (N) indicated. 
D, Right knee of an AcF-[OPdChaWRJ (1 mg/kg/day, days -2-14)- 
treated rat (score 1). E, Higher magnification of the boxed area in D, 
with neutrophils and macrophages (M) shown. F, Right knee of an 
AcF-[OPdChaWR] (1 mg/kg/day, days +2-14)~treated ™t (score 1). 
G, Right knee of an ibuprofen (30 mg/kg/day, days +2-l4)-treated rat 
(score 15). H, Higher magnification of the boxed area in G, with 
neutrophils and macrophages indicated. S = areas of synovitis. Images 
are typical and representative of each treatment group, and the score 
indicated is for the section shown. (Hematoj^lin and eosin stained; 
original magnification X40 in A, B, D, F, andG; X200 in C, E, and H.) 



The mean histopathologic score in these posttreated rats 
was Z2 ± 0.4 (n = 8), which was significantly lower than 
that in drug-free arthritic rats (P < 0,05; Figure 2D). In 
contrast, histologic sections from rats treated with ibu- 



profen (30 mg/kg/day) from days +2^14 had no change 
in parameters (score 3.5 ± 0.3; n = 6) compared with 
those from drug-free arthritic rats (Figures 2D and 3G 
and H). 

Twenty-eight-day studty. Following arthritis in- 
duction, right knee widths of drug-free arthritic rats 
rapidly increased above baseline to peak on day +3 
(4.98 ± 0.39 mm above baseline; n = 14) and slowly 
decreased to 0.51 ± 0.21 mm on day 28 (Figure 4A). 
Rats pretreated with AcF-[OPdChaWR] (1 mg/kg/day) 
from day -2' had significantly lower right knee widths 
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Figure 4. Right knee swelling and gait scores (28-day study). Antigen 
was injected into the right articular capsule of rats on day 0, which 
resulted in increases in knee swelling and gait scores (scored 0-4). 
Rats treated with AcF-[OPdChaWR] (1 mg/kg/day) from day -2 
onward had significantly reduced knee swelling (A) and gait scores (B) 
compared with drug-free arthritic rats. Rats treated with ibuprofen (30 
mg/kg/day, days -2-28) also had significantly reduced knee swelling 
(A) and gait scores (B) compared with drug-free arthritic rats, but for 
a lesser time period than rats treated with the C5a antagonist for knee 
swelling. Rats treated with a combination of both the CSa antagonist (1 
mg/kg/day) and ibuprofen (30 mg/kg/day) from day -2 onward also 
had significant reduction in these parameters (A and B), which was 
comparable with those in rats treated only with the C5a antagonist. 
Rats treated with AcF-[OPdChaWR] (3 mg/kg/day) from day +4 
onward again had a significant reduction in knee swelling (C) and gait 
scores (D) compared with drug-free arthritic rats. Results are ex- 
pressed as the mean and SEM, with periods of significant difference 
from drug-free arthritic rats denoted by bars (dashed for ibuprofen and 
solid for AcF-lOPdChaWR] and AcF-[OPdChaWR}/ibuprofen com- 
bination) {P < 0.05; n = H-16). D - period when drug treatment 
began. 
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Figure S. Intraarticular macrophages and histopathologic scores (28- 
day study), Antigen was injected into the right articular capsule and 
saline into the left articular capsule of rats on day 0. On day 28, the 
animals were killed, knee capsules were lavaged for determination of 
macrophage numbers, and histopathologic analysis (scored 0-4) was 
performed on stained knee sections. A* Macrophage numbers in the 
right knee intraarticular lavage fluid were significantly reduced in all 
drug treatment groups compared with right knee articular fluid from 
the drug-free arthritic rats (n ■= 6-10). B, Histopathologic scores from 
rats treated with AcF-|OPdChaWRJ either from days -2-28 (1 
mgflcg/day) or from days +4-28 (3 mg/kg/day), or in rats treated from 
days -2-28 with a combination of the C5a antagonist (I mg/kg/day) 
and ibuprofen (30 mg/kg/day) were significantly tower than those from 
drug-free arthritic rats (n = 10-16). Rats treated with ibuprofen alone 
(30 mg/kg/day, days -2-28) had no improvement in histopathologic 
scores (n - 6). Data ore expressed as the mean and SEM. * <* P < 
0.O5. 



from days +1-28 (peak on day +3 2.66 ± 0.52 mm; n = 
12) (P < 0.05; Figure 4A). Rats pretreated with ibupro- 
fen (30 mg/kg/day) had significantly decreased knee 
widths from days +2-8 only (peak on day +3 2.30 ± 0.30 
mm; n = 11) (P < 0.05; Figure 4A). Rats receiving a 
combination of the C5a antagonist (1 mg/kg/day) and 
ibuprofen (30 mg/kg/day) from day -2 had a significant 
reduction in right knee widths from days +1-28 (peak 
on day +3 2.19 ± 0.06 mm, n = 12) (P < 0.05; Figure 
4 A), which was comparable with that of rats receiving 
the C5a antagonist alone. Gait scores in rats pretreated 
with either the C5a antagonist, ibuprofen, or the com- 
bination of both were significantly reduced compared 
with those of drug-free arthritic rats from days +1-12 
{P < 0.05; Figure 4B). 

In the 14-day studies, which were performed first 
in the series reported here, the C5a antagonist was 
administered at 1 mg/kg/day both as a preventative (days 
-2-14) and as reversal (days +2-14) therapy. It was 
noted that rats treated with the antagonist at this dose 
from day +2 had less improvement in histopathologic 
scores compared with rats treated from day —2 (Figure 
2D). In the following 28-day reversal studies, a higher 



dose of C5a antagonist (3 mg/kg/day) was used to 
determine if this might be a more effective reversal dose 
regimen. It was found that rats treated with this dose 
regimen had significantly improved right knee widths 
(days +5-28) and gait scores (days +5-12) compared 
with drug-free arthritic rats (P < 0.05; Figures 4C and 
D). 

In all rats in the 28-day studies, there were no 
detectable levels of TNFo, either in the serum or in the 
knee lavage fluid, on day 28. The vast majority (>95%) 
of cells recovered in the lavage fluid of the right knees of 
rats were macrophages. Drug-free arthritic rats had an 
average of 46.5 ± 12.3 x 10 4 macrophages/ml lavage 
fluid (n - 10; Figure 5A), an ~20-fold increase over 
saline-injected left knees. Rats pretreated with AcF- 
[OPdChaWR], ibuprofen, or a combination of both, or 
rats treated from day +4 with the C5a antagonist alone, 
had significantly lower numbers of macrophages in the 
right knee lavage fluid (Figure 5A). 

Histologic analysis of the right knees of arthritic 
drug-free rats revealed varying degrees of synovial cell 
proliferation and cellular infiltration, and these were 
scored overall, with an average of 2.9 ± 0.3 (n = 16; 
Figures 5B and 6A and B). Sections from rats either 
pretreated with C5a antagonist (1 mg/kg/day) or treated 
from day +4 (3 mg/kg/day) had an equal reduction in 
severity of lesions compared with drug-free arthritic rats, 
with significantly decreased scores of 1.0 ± 0.4 and 1.1 ± 
0.5, respectively (n = 12 in each group) (P < 0.05; 
Figures 5B and 6C and H). Conversely, rats pretreated 
with ibuprofen (30 mg/kg/day) had no improvement in 
right knee pathology, with an average score of 2.9 ± 03 
(n = 6; Figures 5B and 6D and E), Rats pretreated with 
a combination of the C5a antagonist and ibuprofen also 
had a significant reduction in histopathologic scores, 
which was similar to that in rats treated with only the 
C5a antagonist (n = 12; Figures 5B and 6F and G). 

Forty-nine-day study, In drug-free rats following 
the first injection of mBSA on day 0, the right knee 
increased in width, with a peak swelling above baseline 
of 5.27 ± 0.56 mm (n = 6) on day +3. Following the 
second injection of mBSA on day 28, the increase in 
width of the right knee was similar in magnitude to the 
first challenge, with a peak of 4.47 ± 0.60 mm above 
preinjection values 1 day after the second injection 
(Figure 7A). Rats pretreated with AcF-[OPdChaWR] at 
1 mg/kg/day had significantly lower right knee widths 
compared with drug-free rats from days +1-49, with 
peaks of 2.87 i 0.51 mm above baseline (day 3) and 
2.64 ± 0.37 mm (day 29) for the first and second 
injections, respectively (n = 6) (P < 0.05; Figure 7 A). 
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Figure 6. Sections of knees from rats in the 28-day study. A, Arthritic 
right knee of a drug-free rat, with inflammatory cells (1C) lining the 
cartilage and areas of synovial fibrosis (F) indicated (score 2.S). B t 
Higher magnification of the boxed area in A, with neutrophils (N) and 
macrophages (M) evident. C, Right knee of an AcF-(OPdChaWR) (1 
mg/kg/day, days -2-28)-treated rat (score 0); D, Right knee of an 
ibuprofen (30 mg/kg/day, days -2-28)-treated rat (score 3). E, Higher 
magnification of the boxed area in D, with macrophages shown. F, 
Right knee of an AcF-[OPdChaWR) (1 mg/kg/day) + ibuprofen (30 
mg/kg/day) combination (days -2-28)-treated rat, with the patella (P) 
indicated (score 1). G, Higher magnification of the boxed area in F, 
with activated synoviocytes (AS) shown. H, Right knee of an AcF- 
[OPdChaWR] (3 mg/kg/day, days +4-28)-treated rat (score 0). S = 
areas of synovitis. Images arc typical and representative of each 
treatment group, and the score indicated is for the section shown. 
(Hematoxylin and eosin stained; original magnification X40 in A, C, D, 
¥, and H; X200 in B, and E; X 400 in G.) 

Gait scores increased in drug-free arthritic rats, with the 
deterioration in gait proportional to right knee widths, 
and maximum gait scores following both the first and the 
second injection (Figure 7B). C5a antagonist-dosed rats 



had significantly improved gait scores from days +2-16 
and +30-44 (P < 0.05; Figure 7B), 

Examination of right knee sections from 49-day 
arthritic drug-free rats showed a more severe pathology 
than was seen in the other studies involving single 
intraarticular injection of antigen and more limited 
experimental time spans. All antigen-injected right 
knees in drug-free rats had marked inflammatory cell 
infiltration and severe synovial proliferation and fibrosis 
(Figures 8A and B). Additionally, cartilage erosion was 
observed in all sections from challenged right knees, 
resulting in an average histopathologic score of 3.9 ± 0.1 
(n = 6, Figures 7C and 8A and B). Sections of right 
knees from rats that had been pretreated with AcF- 
[OPdChaWR] (1 mg/kg/day) from day -2 onward had 
decreased pathology compared with that of drug-free 
arthritic rats, with a significantly improved score of 1.7 ± 
0.7 (n = 6, Figures 7C and 8C and D). 
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Figure 7. Right knee swelling, gait scores, and histopathologic scores 
(49-day study). Antigen was injected into the right articular capsule of 
rats on days 0 and 28, which resulted in increases in knee swelling and 
gait scores (scored 0-4). Rats treated with AcF-[OPdChaWR] (1 
mg/kg/day) from day -2 onward had significantly reduced knee 
swelling (A) and gait scores (B) compared with drug-free arthritic rats. 
On day 49, animals were killed and histopathologic analysis (scored 
0-4) was performed on stained knee sections. Rats treated with 
AcF-(OPdChaWR) (1 mg/kg/day r days -2-49) had significantly lower 
scores compared with drug-free arthritic rats (C). Results are ex- 
pressed as the mean and SEM, with periods of significant difference 
from drug-free arthritic rats denoted by bars. D — period when 
drug treatment began; Ag = days antigen was injected. * = P< 0.05; 
n = 6. 
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Figure & Sections of knees from rats in the 49-day study. A, Arthritic 
right knee of a drug-free rat, with inflammatory cells (IC) degrading 
the cartilage and a section of cartilage erosion (CE) shown (score 4). 
B, Higher magnification of the boxed area in A, with macrophages (M) 
and fibrocy tes (Fc) shown alongside cartilage erosion. C, Right knee of 
an AcF-[OPdChaWR] (1 mg/kg/day, days -2-49)-treated rat, with 
mild appearance of inflammatory cells lining cartilage (score 1). D, 
Higher magnification of the boxed area in C, with macrophages shown. 
S » areas of synovitis. Images are typical and representative of each 
treatment group, and the score indicated is for the section shown. 
(Hematoxylin and eosin stained; original magnification X40 in A and 
C; X200 in B and D.) 



DISCUSSION 

Current drug treatment of RA involves the inhi- 
bition of cytokines and other mediators thought to be 
involved in its pathogenesis. The complement factor C5a 
is also recognized as a very important proinflammatory 
mediator in RA (6). Levels of C5a in the plasma and 
synovial fluid of patients with RA are higher than those 
found in patients with osteoarthritis (5). The pathology 
of RA includes the recruitment and accumulation of 
neutrophils and monocytes in the synovial tissues, with 
the down-regulation of C5a receptors in monocytes 
possibly contributing to chronicity of the disease (26,27). 
Synovial effusions contain high levels of C5a, which is a 
powerful chemoattractant for neutrophils and mono- 
cytes and invokes microvascular plasma leakage within 
the tissues (4,26). Inhibitors of activation of the comple- 
ment system, or of the formation or action of C5a, have 
therefore been proposed to be of potential use in the 
treatment of RA. Anti-C5 monoclonal antibodies have 
been shown to block the development of CIA in rats as 
well as reduce the progression of established pathology 
(15). A recombinant protein inhibitor of complement 
activation, sCRl, has been suggested as a potential 



therapy for RA because efficacy with this compound has 
been shown in various animal models of arthritis 
(12,13,28). 

The model of an antigen-induced monarticular 
Arthus reaction produces a discrete lesion of highly 
reproducible severity in a single joint, leaving the con- 
tralateral joint available for comparison. It has been 
suggested that the changes in the joint in clinical RA are 
due to this reaction (29). Neutrophils predominate in 
the synovial fluid in RA, particularly in the early stages, 
and this is mirrored in this rat model (30). Mononuclear 
cells were the predominant inflammatory cells in the rat 
synovium; this is also the case in RA (31). Additionally, 
the presence of the proinflammatory cytokines TNFo: 
and IL-6 in the arthritic knee joint and TNFa in the 
serum of rats in the 14-day study correlates with the 
presence of these cytokines in the joints of arthritis 
patients (32). 

The findings reported here show that an orally 
active, small molecule antagonist of the C5a receptor 
reduces the disease severity in a rat model of immune- 
mediated arthritis. Given on a daily basis, either before 
the initiation of arthritis or after symptoms were detect- 
able, the drug reduced both joint swelling and gait 
symptoms. In the latter treatment case, drug therapy was 
started either 2 or 4 days after the lesion was stimulated 
in order to mimic the human clinical situation where a 
patient would present with an acute progressive lesion. 
In the 14-day study, PMNs were the predominant cell 
recovered in joint lavage fluid, whereas in the 28-day 
study, macrophages were the principal cell type found. 
In these shorter-term studies, cartilage erosion did not 
occur. In order to stimulate erosion, it was necessary to 
prolong the duration of the study and rechallenge the 
rats with antigen. Under these conditions, the C5a 
antagonist was again effective in reducing the degree of 
structural change in the joint. 

These results show that this class of drug has 
multiple activities at different stages of the disease 
process. In previous short-term studies involving endo- 
toxic shock and the Arthus reaction in the peritoneum 
and the dermis, the C5a antagonist was very effective at 
inhibiting the inflammatory challenges (21,22,33). The 
results of the present study demonstrate the efficacy of 
this class of drugs in a model of chronic immune 
complex-mediated inflammation, following daily oral 
administration of the drug. 

The destruction of cartilage in osteoarthritis re- 
sults from the IL-l-stimuIated degradation of proteogly- 
cans and inhibition of chondrocyte proteoglycan synthe- 
sis (18). NSAIDs protect the joint from swelling and 
cellular infiltration, but have little effect on disease 
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progression, while glucocorticoids normalize proteogly- 
can synthesis (17,18). The NSAID ibuprofen diminishes 
the responses in the rat as measured by joint swelling 
and disturbance of gait, and these findings equate well 
with the response to most NSAEDs in the clinic (1734). 
Ibuprofen is less successful in reducing the structural 
pathology in the rat joint, and this is also similar to 
human clinical findings (17,34). In contrast, the C5a 
receptor antagonist used in this study significantly re- 
duces the degree of structural pathology in the joint as 
well as other signs of the disease in the rats. This ability 
to moderate structural changes in the joint is a clear 
advantage over most of the NSADDs. 

The C5a antagonist used in the present study is 
orally active, with peak circulating plasma levels around 
0.1-0.3 \iM following a single oral dose of 3 mg/kg (22). 
The drug has a high affinity for human C5a receptors, 
and is an insurmountable antagonist active at low nano- 
molar concentrations (25). The drug was developed by 
structural analysis of the effector portion of C5a, and is 
a cyclic peptide that is resistant to metabolic degradation 
in the gut and plasma (20). In rats, a single oral dose of 
10 mg/kg inhibits the neutropenia response to IV C5a 
for up to 24 hours (22), and oral treatment for 7 days at 
a dose of 1 mg/kg completely blocks the binding of C5a 
to circulating PMNs. In the present study, administra- 
tion of 1 mg/kg/day was also an effective oral dose for 
reducing the expression of the arthritis symptoms and 
joint pathology. This C5a antagonist does not inhibit the 
formation of MAC at concentrations up to 100 pM 
(Strachan AJ: unpublished observations), indicating 
that, at least in the rat model of monarticular arthritis, 
inhibition of C5a alone is sufficient for effective reduc- 
tion of symptoms and pathology. Similar results have 
been found in the same rat model of arthritis for the 
protein sCRl, which inhibits the formation of C3a, C5a, 
and MAC (12). This is consistent with our hypothesis 
that C5a is a major pathogenic mediator of disease 
pathology in this model. The precise role of MAC in 
antigen-induced monarticular arthritis, however, re- 
mains to be fully established. 

In this study, combination drug therapy with 
ibuprofen and the C5a antagonist was found to be no 
more effective than therapy with the C5a antagonist 
alone. C5a causes the release of eicosanoids when 
administered in vivo to a variety of animal species, and 
the effects of C5a on blood pressure are blocked by 
cyclooxygenase inhibitors (35-37). The lack of addi- 
tional efficacy on all parameters with the combination 
therapy may be due to the fact that the eicosanoid 
cascade is blocked early on by the C5a antagonist. The 



increased efficacy of the C5a antagonist over ibuprofen 
for joint pathology may be due to the additional inhibi- 
tion of expression of proinflammatory cytokines, such as 
TNFa and IL-6. The importance of TNFa in the pathol- 
ogy of RA has been clearly demonstrated in a number of 
studies and has led to the development of a soluble 
TNFa receptor-based treatment (etanercept) in RA 
(38^9). It has previously been shown that inhibitors of 
C5a reduce the expression of TNFa and IL-6 in other 
disease models in vivo (21-23,40,41). The ability of the 
C5a antagonist to inhibit the expression of TNFa indi- 
cates an early role for C5a in the inflammatory cascade, 
and suggests a pivotal role for the therapeutic use of C5a 
antagonists in RA. The disease-modifying properties of 
the C5a antagonist in the present study may be due to its 
capacity to inhibit formation of both these cytokines and 
eicosanoids, rather than to the inhibition of eicosanoids 
alone. 

In summary, this study demonstrates for the first 
time that a small molecule C5a receptor antagonist, 
given orally, prevents some principal signs of arthritis 
and significantly reduces the joint damage caused by an 
immune-mediated monarticular arthritis in rats. The 
disease-modifying effects of this antagonist suggest a 
potential use for C5a antagonists as anti arthritic agents 
in the clinic. 
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Physiological Characterization of mBS A Antigen 
Induced Arthritis in the Rat. II. Joint Blood Flow, 
Glucose Metabolism/ and Cell Proliferation 

SVEN E. ANDERSSON, ALF JOHANSSON, KRISHNA LEXMt)LLER, and GUNILLA M. EKSTROM 

ABSTRACT. Objective. Based on the hypothesis tbat blood flow in the inflamed joint is inadequate to maintain 
aerobic glycolysis, we sought to estimate the correlation between blood flow, glucose metabolism, 
and cellular proliferation rate in the arthritic joint 
, Methods, Experiments were performed on rats with antigen induced arthritis (AIA). Regional blood 
' flows (RBF) were measured with the microsphere technique, glucose metabolism by deterrnination 
of [ ,4 C]2-deoxy-D-glucose (2-DG) uptake, and the proliferative response as the incorporation of 
[ 3 H]-thymidine. 

Results. In periarticular soft tissue of the arthritic knee the only significant change in the weight 
related RBF was an approximate 70% rise on Day 14 after arthritis onset. .The RBF was lowest on 
Day 3 and the time course for the changes was inversely related to intensity of vascular inflamma- 
tion. Weight related 2-DG uptake was more elevated than the RBF and peaked on Day 3. [ 3 H] -thymi- 
dine incorporation in the soft tissue was only markedly enhanced on Day 3. Neither 2-DG nor 
[ 3 H]-thymidinc uptake was affected by treatment with methotrexate or indomethacin. In epiphyseal 
bone RBF was reduced on the first day of arthritis, but steadily increased thereafter. 
Conclusion. In AIA an intense vascular leakiness negatively affects the synovial blood. There is a 
marked enhancement of glucose metabolism, but only a minor part of this increase seems to be 
induced by increased cellular proliferation. (J Rheumatol 1998;25:1778-84) 

Key Indexing Words: ^ 

ACIDOSIS ARTHRITIS BLOOD FLOW 

GLUCOSE METABOLISM PROLIFERATION 



Clinical findings have reported that there is a local lactate 
acidosis in the joints of some patients with rheumatoid 
arthritis (RA), As lactate levels are reported to correlate to 
the intensity of the arthritis, this variable could be important 
for the understanding of the arthritis process 1 ^. The acidosis 
indicates an imbalance where local blood flow fails to meet 
the metabolic demand. In a complex interaction, both prolif- 
erative and vascular mflararnatory responses in the joint can 
contribute to this imbalance; the ingrowth of pannus 
exceeds the pace of ne<jv formation of blood vessels, causing 
a fall in capillary density (for references see 3 ). There is also 
widespread obliterativi microangiopathy creating underper- 
fused areas in the panrjus 4 . Furthermore, increased vascular 
leakiness and subsequent formation of intraarticular effu- 
sions would elevate the joint pressure and thus, in turn, 
compress the synovial blood vessels 3,5 . This is particularly 
pronounced during joint motion when the intraarticular 



From the Department of Pharmacology, Preclinical Research and 
Development, Astra Draco AB, Lund; and Department of Physiology and 
Medical Biophysics. University of Uppsala, Uppsala, Sweden. 

S.E.Andersson. MD, PhD, Assistant Professor, Department of 
Pliarmacology, Astro Draco; A. Johansson, MSd Deparanent of 
Physiology and Medical Biophysics, University of Uppsala; K. LexmUller, 
BSc; GM. Ekstro-m, PhD, Astra Draco. 
Address reprint requests to Dr. S.& Andersson, Department of 
Pharmacology Astra Draco AB, PO Box 34, S-22100 JUmd, Sweden. 
Submitted November 4, 1997 revision accepted March 31, 1998. 



1778 



pressure is reported to rise to levels exceeding synovial 
capillary perfusion pressure 6 . 

As both pannus growth and inflammatory activation of 
the cells in the joint require energy, metabolic imbalance is 
further aggravated by increased metabolic demand. In 
patients with RA this can be measured as increased oxygen 
consumption 7 and glucose uptake 8 . 

Ischemia can perpetuate the arthritis in several ways; 
transient periods can induce the formation of oxygen radi- 
cals and reperfusion injury 3,6 . Oxygen radicals are also 
involved in the activation of the transcription factor nuclear 
factor kappa B (see 9 ). Poor nutrition can induce production 
of heat shock proteins that can activate immunological 
mechanisms in the development of arthritis (see 10 ). Hypoxia 
itself can also promote pannus growth both by enhancing 
cellular proliferation 11 and by providing a selection pressure 
for cells with diminished apoptotic potential, in particular 
cells with mutations of the p53 gene 12 . Interestingly, such 
cells have been reported to be overexpressed in RA synovial 
tissue 13 . The relationships between these vascular, prolifera- 
tive, and metabolic factors are, however, difficult to study in 
humans and little is known about how they are affected in 
animal models of arthritis. 

In a previous study, we found that in collagen induced 
arthritis (CIA) in the rat vascular porosity was markedly 
enhanced in joints, but that the changes in blood flow were 
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much smaller and non-persistent 14 ; these findings concur ' 
with the hypothesis of local ischemia in the joints. We 
deemed the antigen induced arthritis (AIA) model to be 
more suitable for studies of joint pathophysiology because 
(1) it has ahigher reproducibility than CIA; and (2) only one 
knee is inflamed in AIA, hence the other serves as an 
internal control. As in RA, AIA is characterized by 2 essen- 
tial features; inflammation and formation of aggressive 
pannus that degrades cartilage and bone 15 - 17 . In our adjacent 
work we studied these phenomena simultaneously and 
found very marked inflammation measured as increased 
vascular porosity, and which precedes the pannus growth 18 . 
According to the above hypothesis, this would lead to 
reduced blood flow which may be insufficient to meet the 
metabolic demand and, hence, lead to anaerobic glycolysis. 
To better understand this process, we tried to quantitate both 
the changes in blood flow and glucose metabolism in the 
arthritic joint of AIA rats. Also, in a companion article 18 we 
measured pannus growth as weight increase of the perartic- 
ular soft tissue and the effect of methotrexate (MTX) and 
ixidomethacin treatment on this variable. In the present study 
we extend that investigation by assessing the mechanism of 
pannus formation by measuring the cellular proliferation 
rate. Further, we determined how this rate is related to 
glucose consumption and was affected by pharmacological 
manipulation. 

MATERIALS AND METHODS 

The methodology is described in our companion work 1 *; briefly, experi- 
ments were performed oa female Dark Agouti CD A) rats (150 g) obtained 
from Mollegaards Breeding Centre, K0ge, Denmark. The experiments 
were approved by the Animal Ethics Committee of Lund, Sweden. 
Immunization was performed by intradermal injection with 1 mg methy- 
lated bovine serum albumin (mBSA) dissolved in 50 fil saline and emulsi- 
fied in 50 ul Freuod's complete adjuvant Ten days later the tats were 
challenged with an intraarticular injection of 50 ug mBSA (1 pg/ul, 
dissolved in saline) into one knee. The contralateral knee served as a 
control and was injected with the same volume of saline. Experiments were 
performed on Days 1, 3, 7, and 14 after arthritis induction. 
Anesthesia, general surgical procedure. The rats were anesthetized with a 
1 : 1 mixture of fluansone/fetaoyl (Hypnorm*) and midazolam 
(DormicuDl®), both diluted 1:1 with distilled water before mixing and 
given 0.25 ml/rat subcutaneously. They were tracheotomized, allowed to 
breathe freely, and placed on a servo-controlled heating pad to maintain 
body temperature at about 37°C. The right jugular vein was cannulatcd with 
polythene tubing for intravenous Civ) administration. One carotid artery 
was also cannulatcd and used for reference blood sampling. 
Blood flow measurements. The regional blood flow (RBF) of periarticular 
tissue and of epiphyseal bone were measured using the labelled micros- 
phere method 19-21 . In brie£ radiolabelled microspheres are injected into the 
left ventricle of the heart. The spheres are distributed with the cardiac 
output and ore trapped in the precapillary sphincters. During injection, an 
arterial blood sample is taken, and based on the relationship between blood 
weight and radioactivity in that sample and the radioactivity in the studied 
tissue, RBF can be calculated. In our experiments, one carotid artery was 
catheterized with polyethylene tubing, which was connected by a Y- 
connection to a blood pressure transducer and to a peristaltic pump ( Alitea, 
Stockholm, Sweden) for withdrawing the reference blood sample, To 
prevent cloning all catheters were flushed with heparin (5000 IE/ml) before 



the experimenL Ad injection needle connected to a syringe by polyethylene 
tubingwas introduced into the left ventricle of the heart by direct puncture 
and used for injection of microspheres. The spheres had a diaineterof 15 
urn and were labelled with ™Ce and suspended in saline with 0,1% Tween 
80. The spheres were injected for 30 s and a reference blood sample was 
withdrawn during the first 2 min from the start of injection. About 1.0 x 10* 
spheres were given. After the injection a blood sample was taken from the 
heart needle for determination of the acid base balance and hence localiza- 
tion of the needle, whereafter the animals were tolled by overdose of prate-, 
barbital sodium given iv. The anterior part of the periarticular tooee tissue 
was dissected out as described 18 . The remaining part of the knee was 
regarded as mainly consisting of epiphyseal bone. Samples were weighed 
and the radioactivity in them and in the reference blood sample was deter- 
mined by gamma spectrometry. The RBF was then calculated according to 
the formula: 

RBF = Q f • CPM/CPM, 

where Q, » reference blood flow (g/min). CPM t - radioactivity in the tissue 
sample,- ud CPM r - radioactivity in the reference blood sample. Since 
validity of the microsphere method is dependent on an even distribution of 
the spheres, the spheres were vigorously shaken in a vortex mixer imme- 
diately before injection. Possible distortion was ruled out by determining 
that blood flow to the kidneys was symmetrical and plausible. 
Autoradiographic analysis- of glucose uptake. Glucose metabolism was 
measured as [ 14 C)2-deoxy-D-ghicose (2-DG) uptake. This method was 
originally developed for measuring glucose metabolism in the brain 25 but 
has also been used in arthritic joints'. In the present experiments 15 jiCi of 
2-DG (56 Ci/mol) was injected iv and allowed to circulate for 40 min, 
whereafter che rat was killed and rapidly frozen in -70"C alcohol. The 
frozen knees were sagittally sectioned according to the Ullberg technique". 
The [ l4 C] content of the tissues was then determined by densitornetric 
analysis of autoradiographs. The densities of the autoradiograms were 
calculated in 240 x 230 picture elements (pixels) and expressed as a 
percentage of the value for the corresponding area in the control knee. 
Densities were calculated for the periarticular soft tissue (anterior and 
posterior joint capsule/pannus and suprapatellar bursa) and for the epiphy- 
seal bone. n»2 for each day of study. 

Quantification of glucose uptake and thymidine incorporation. [ ,4 C]2-DG 
(15 u.Ci) and ^H-thymidinc (1 uCi; 84 Ci/mmol) were injected iv simulta- 
neously and allowed to circulate for 50 min, whereafter the animals were 
killed and rapidly frozen in liquid nitrogen. Arterial blood samples were 
taken 5 min after injection and immediately before the end of the experi- 
ment. After thawing, the soft tissue of the knee was dissected out as 
described above, lb relate uptake levels to those of a rapidly proliferating 
tissue, a piece of small intestine was taken tor comparison. All tissue and 
blood samples were then stored at about -18*C until analyzed. The samples 
were thawed and then combusted in a Packard 307 oxidizer equipped with 
Oximate 80 (Packard, Meriden, CT, USA), a robotic system for sample 
processing. The combusted samples were automatically dissolved in 15 ml 
Monophase-S (Packard) for PH] and 12 ml PermaQour-E (Packard) 
for [ ,4 C], Radioactivity was measured on Tri Carb Spectrometers 
(Packard). Quench correction was performed by external standard proce- 
dures. 

In a separate series the modulating effect of MtfX (03 mg/kg) and 
indomethacin (2 mg/kg) on these variables was investigated. The rats were 
treated with an intraperitoneal injection of either compound on the second 
day of arthritis and the above variable was remeasured the next day7 
Substances. Indomethacin (Confortid®) was purchased from Dumex. 
(Copenhagen, Denmark); methotrexate from Lederle {Wayne, NJ t USA); 
mBSA, Preund's complete adjuvant from Sigma Chemical Co. (St, Louis, 
MO, USA); Dorraicum® from Roche (Basel, Switzerland); Hypnorm* from 
Jansen (Beerse, Belgium); microspheres from DuPont NEN (Wilmington, 
DE, USA); and [^-thymidine and [ l4 C]2-DG from American 
Radiolabelled Chemicals Inc. (St. Louis, MO, USA). 
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Data, statistical calculations. All data .are,, unless stated otherwise, 
expressed as mean ± SEM and are the difference between the value 
- measured in the control and the arthritic knee in the same rat. Statistical 
significance was calculated using analysis of variance, followed by (he 
Fisher protected least significant difference or, if only 2 groups were 
compared, by Student's r test All calculations were performed on an Apple 
computer using StatView 4.0 (Berkeley, CA, USA) software. 

RESULTS 

Hie intraarticular injection of mBSA induced arthritis in all 
challenged knees, measured as an increase in knee diameter. 

The procedure using direct heart puncture for adnunis- 
tration of microspheres sometimes causes cardiovascular 
disturbances that may affect cardiac output. This would 
likely affect the RBF in both knees alike. We therefore 
chose to relate the blood flows in the arthritic knees to those 
in the contralateral control knee. Values are thus expressed 
as percentage of the weight related (g/min/g) RBF in the 
control tissue. This also allowed comparisons between 
studies of changes in blood flow, glucose, and thymidine 
uptake and weight gain of the pannus. In the periarticular 
soft tissue, the RBF was significandy elevated only on Day 
14. The time course for the changes showed that the mean 
blood flow of the arthritic knee was lowest on Day 3 of 
arthritis and then slightly lower in the arthritic knee than in 
the control (Figure 1A). In the epiphyseal bone, the RBF 
was decreased in the arthritic knee on Day 1 of arthritis but 
then increased steadily and was significantly elevated on 
Days 7 and 14 (Figure IB). 

In the autoradiographs of 2-DG uptake the average densi- 
ties calculated per area unit was 60-171% higher in the soft 
tissue of the arthritic knee than in the contralateral control 



(Figure 2). Due to me limited number of animals, no conclu- 
sion could be drawn on the differences in uptake between 
different days after challenge. The uptake was unevenly 
distributed, with marked accentuation in restricted areas 
adjacent to the cartilage of the femoral head and around the 
suprapatellar bursa. For the epiphyseal bone the average 
density/area unit was 12-18% higher in the arthritic joint. 

When the total uptake of 2-DG was determined by scin- 
tillation technique, the levels were elevated about 
100-150% on all days, with a slight peak on Day 3. These 
results are thus in accordance with those obtained by 
autoradiography. For pH]-mymidine. there was a slight 
increase in uptake on the first day of arthritis and a marked 
elevation on Day 3, but the levels did not significantly differ 
from the control knee on Days 7 and 14 (Figure 3). There 
was only a weak correlation between myrnidine and glucose 
uptake (0.49, p = 0.01 in arthritic knee; 0.47, p = 0.015 in 
the control). A disturbing factor that may have influenced 
our results was the plasma levels of 2-DG versus [ 3 H> 
thymidine: compared to the 5 min levels, between 30 and 
40% of [ 3 H]-thyrnidine and 40-50% of 2-DG remained at 
50 min, Since the relative water content, and hence possibly 
the distribution volume, was increased in the periarticular 
soft tissue of the arthritic knee, this could explain part of the 
increase in tissue levels. However, since the blood concen- 
tration (dpm/mg) of both [ 3 H)-thymidine and 2-DG was 
usually lower than the tissue concentration in the small 
intestine and the arthritic knee, we believe that the contribu- 
tion of the circulating tracer levels to the results is rninor. 
For instance, on Day 3 the mean concentrations of 2-DG in 
the small intestine and in the arthritic knee were 43 ± 12%, 
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Figure 1. The weights related RBF (arthritis/control, %) in periarticular soft tissue (1 A) and epiphyseal bone (IB). Results are given both as individual values 
and as means (95% confidence intervals). 
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61 ± 9% higher than in the blood, respectively. For [ 3 H]- 
thymidine the corresponding values were 844 ± 94% and 
332 ± 12%, respectively. 

When the ratio for weight related [ 3 H]-thymidine incor- 
poration was plotted against the corresponding values for 
the pannus dry weight obtained in our adjacent paper 18 , the 
observed increase was parallel between Days 1 and 3 but 
then differed markedly on the last 2 days of study (Figure 4). 
Both 2-DG uptake and pH]-thymidine incorporation were 
higher in the small intestine than in the control knee. In the 



arthritic joint, however, the 2-DG uptake was at about the 
same level as in the gut, whereas the pHlTfoyrnidine incor- 
poration was markedly lower. For example, on Day 3 of 
arthritis the values for 2-DG and [^thymidine content 
were 308 ± 6 and 40 ± 3 dpm/mg La the pannus tissue, 
respectively. Corresponding values for the small intestine 
were 278 ± 33 and 98 ± 14 and for the periarticular soft 
tissue of the control knee 124 ± 10 and 18 ± 1, respectively. 
The ratio between 2-DG and [ 3 H]-thymidirie content was 
calculated to give an estimate of the amount of glucose 
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Table 2. Ratio for [ 14 C] 2-DO and pHJ-fcymidme content (["C]/[ 3 HJ; both 
dpm/mg) in periarticular soft tissue of arthritic and control knees and small 
intestine on different days after arthritis induction. The ratio for the small 
intestine was the lowest in all experiments. 



Figure 3. Weight related uptake (arthritis/control %; mean, with 95% 
confidence intervals) of [ l4 C]2-DG and [ 3 H]-thymidioe in the periarticular 
soft tissue (n = 7 for Days 1, 3 and 7; Day 14 n = 5). 
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Figure 4. pHJ-Thymidine uptake (dpm/mg) in the periarticular soft tissue 
compared with the increase in pannus dry weight from our companion 
paper 16 (both: arthritis/control %; mean, with 95% confidence intervals). 

metabolism used for cell proliferation. This ratio was 
always lower in the small intestine than in the soft tissue of 
either knee. Comparing the knees, the ratio was significantly 
elevated in the arthritic knee on Days 1 and 7 of arthritis 
(Table 1). 

As in our companion paper 18 , indomethacin administered 
at Day 2 of arthritis reduced the vascular mflanvmation and 
pannus growth measured the next day, whereas the effect of 



Day 


Arthritic 


Control (p) 


Small Intestine 


1 


16.1 ± 2.7 


9.3 ± 1.7 (0.013) 


3.4 ±0.3 


3 


8.0 ± 1.0 


7.2 ± LO (NS) 


3.1 ±0.4 


7 


15.2 ± 0.9 


8.8±0.9(<0.0001) 


3.9 ±0.5 


14 


17.3 ± 4.9 


14.0 ±6.8 (NS) 


4.5 ±1.3 



Statistical significance was calculated between arthritic and control tissue 
using Student's 2 tailed t test for paired data. Periarticular tissue: n = 7 for 
Days 1-7; d = 5 for Day i4. Small intestine: n = 4-5. 

MTX was smaller. Similar results were found in the present 
study: the difference in* joint soft tissue weight between the 
knees was 232 ± 22 mg in the saline treated control group (n 
= 7), 172 ± 25 in the MTX group (n = 6, NS), and 156 ± 17 
(n = 7) (p < 0.05 compared to control) in the indomethacin 
group. However, neither of the compounds affected the 2- 
DG uptake nor the [ 3 H]-myniidine incorporation. The ratios 
for the weight related uptake for 2-DG were: 308 ± 6%, 299 
± 12%, and 330 ± 14% for the control, MTX, and 
indomethacin groups, respectively. For [ 3 H3-thymidine t the 
corresponding values were 242 ± 37%, 224 ± 20%, and 242 
± 28%, respectively. These values are in good agreement 
with those found in the former series (Figure 4). 

DISCUSSION 

Blood flow; relation to intensity of vascular inflammatory 
response. The clinical response in AlAis a marked swelling 
of the arthritic knee, which peaks around Day 7 after chal- 
lenge and is prominent for many weeks, Two variables may 
contribute to this measure: pannus growth and increased 
vascular porosity. In our companion paper 18 , we found that 
the vascular inflammatory response, measured as ieakiness 
for albumin, preceded the pannus growth and peaked around 
Day 3. In the present study, the RBF in the perivascular soft 
tissue of the arthritic knee was significantly elevated, 
compared to the control, only on Day 14. The time course 
for the changes was interesting: blood flow tended to 
increase on Day 1, drop to the lowest value on Day 3, and 
continued to increase thereafter in an inverse relationship 
.with changes in vascular porosity. Hence, our findings 
suggest that, in this model, high vascular Ieakiness induces 
increased intraarticular pressure which, in turn, compresses 
synovial blood vessels; in other words, vascular inflamma- 
tion negatively affects joint blood flow. 
Glucose metabolism; localization and relation to blood 
flow. In contrast to RBF, 2-DG uptake was elevated more 
than 100% on all days studied. This discrepancy was especi- 
ally marked on Day 3 when the mean RBF ratio was lowest 
and the 2-DG uptake was highest This is compatible with 
the hypothesis that at that time, the oxygen supply would 
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not match glucose consumption and hence possibly lead to 
an ischemic situation. Conversely, ischemia may explain 
part of the increased 2-DG uptake since the energy yield per 
unit of glucose is much lower in anaerobic than in aerobic 
glycolysis. However, the present results do not allow 
conclusions regarding total energy metabolism, since we 
have no data on the consumption of triglycerides. 

In addition to anaerobic glycolysis, it is possible that the 
2-DG uptake is a marker of inflammatory activity. The 
autoradiographs indicated uneven distribution of 2-DG 
uptake, with "hot spots" in restricted areas close to the carti- 
lage and around the suprapatellar bursa. Cationic antigens 
such as mBS A are deposited in the hyaline cartilageC 24 and 
references) and it seems reasonable that the main foci of the 
inflammation lies adjacent to this antigen reservoir. In addi- 
tion to the intense 2-DG uptake, autoradiographs revealed 
that the suprapatellar bursa was distended, and in a prelimi- 
nary study using magnetic resonance imaging, marked 
plasma leakage seemed to occur in this area 25 . In our 
companion report 18 we also found a marked enhancement of 
cellular density in this area, which may explain the inflam- 
matory activity and the augmented glucose uptake. 
Relation between cellular proliferation rate and pannus 
growth. Local proliferation of fibroblast-like synovial cells 
has been observed in human rheumatoid synovia, but there 
is controversy about whether hyperplasia seen in the human 
disease is mainly caused by local proliferation or by influx 
of inflammatory cells 26 . In the present study the ratios 
(arthritis/control) for pH]-thymidine incorporation increased 
in tandem with the corresponding values for the dry weight 
of the soft tissue on the first and third days of arthritis, 
which proved to be the most intense phase of growth, before 
returning to baseline levels. This suggests that a substantial 
part of the initial pannus formation was due to cell prolifer- 
ation, but that after a few days the increase in pannus weight 
may be more dependent on cellular influx or to increases in 
cell size. In our companion paper, we found that the pannus 
formation followed the inflammation in time and that it was 
probably induced by the latter. Since hypoxia is reported to 
enhance fibroblast proliferation 11 and induce release of 
growth factors such as vascular endothelial growth factor 27 , 
it could be speculated that the presence of ischemia in the 
arthritic joint is an important link between inflammation and 
pannus formation. 

Relation between cellular proliferation rate and glucose 
consumption. Effects of indomethacin and methotrexate. 
Cellular proliferation is an energy requiring process that, in 
addition to inflammatory activation and possible anaerobic 
glycolysis, may influence 2-DG uptake. .We sought to 
obtain, by simultaneous co-administration of 2-DG and 
pHl-thymidine, a relative estimate of the amount of glucose 
used for cell proliferation. Among the compared tissues (the 
small intestine and the periarticular tissue in arthritic and 
control knees), the ratio between 2-DG and pH]-thymidine 



uptake was lowest, and the level of pH]-foymidine incorpo- 
ration highest in the intestine, which is compatible with a 
high level of cell proliferation and a relatively large portion 
of the glucose being utilized for energy requiring processes 
associated with this. In the control knee the cell proliferation 
was low and the higher [ M C]/pH] ratio indicates that rela- 
tively more of the glucose was used in other processes such 
as basal metabolism. In the arthritic knee the 2-DG uptake 
was higher than in the control. A number of factors indicate 
that the extra glucose was not mainly used for cell prolifer- 
ation. First, as mentioned, there was no marked enhance- 
ment of pH] -thymidine incorporation except on Day 3 and 
the [ 14 C]/pH] ratio was accordingly elevated compared to 
the control knee on Days 1 and 7. Second, on Day 3, when 
there was a peak in pHJ-thymidine incorporation, the corre- 
sponding change in glucose metabolism was smaller and 
hence the [ 14 C]/[ 3 H] ratio returned to normal. Thus a marked 
increase in thymidine incorporation only affects the glucose 
metabolism to a minor extent Third, there was only a weak 
correlation between 2-DG and [ 3 H)-thymidine levels in the 
periarticular soft tissue. This finding is in agreement with in 
vitro studies in which interleukin IB enhances glucose 
uptake by synoviocytes without enhancing cell prolifera- 
tion 28 . The expression of this cytokine is elevated in murine 
AIA 29 ; thus it seems likely that a large portion of the 
enhanced 2-DG uptake may be explained by the action of 
proinflammatory mediators that initiate energy requiring 
processes in the cells. However, there does not seem to be 
any clear coupling between glucose metabolism and 
vascular inflammation; on Day 14 there was still an 
increased metabolic activity in the joint measured both as 2- 
DG uptake and RBF, both in the soft tissue and the epiphy- 
seal bone. This was not accompanied by significant 
in flamm atory activity (measured as vascular leakiness) and 
the [ 3 H]-thymidine incorporation in soft tissue was not 
significantly elevated. In accordance, the reduction of 
vascular porosity by indomethacin on the third day of 
arthritis did not affect either glucose metabolism or cellular 
proliferation rate. Tfeken together, it seems that the glucose 
is mainly used for processes upstream of vascular inflam- 
mation but not directly correlated to this. It remains possible 
that some of the inflammation may be attributed to the 
influx of inflammatory cells into the arthritic joint, thereby 
changing the cell population to include cells with higher 
basal metabolic activity than the normal resident synovio- 
cytes. This hypothesis is supported by the histological find- 
ings in our companion paper, where we found enhancements 
in cellular density close to the cartilage and, as stated above, 
around the suprapatellar bursa. 

Methotrexate has, in the present dosage, antiinflamma- 
tory effects in the joint 18 . Our results with no marked effect 
on [ 3 H]-thymidine incorporation indicate that this dose of 
the drug does not markedly inhibit cell proliferation. 
Blood flow and glucose metabolism in epiphyseal bone. 
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RBF in the epiphyseal bone was reduced in the arthritic 
kn.ee oh the first day of arthritis, then increased steadily, and 
"was significantly elevated on Days 7 and 14, indicating that 
joint inflammation affects the bone. We have no obvious 
explanation for the initial decrease; it is possible that it 
represents a steal phenomenon. During the last 2 days of 
measurement the autoradiographic estimations of glucose 
uptake indicate that, in contrast to the findings in the soft 
tissue, the RBF is more elevated than the glucose uptake. 
This comparison thus supports the view that the blood flow 
in the soft tissue has a tendency to be insufficient. 

In summary, our results indicate there is no increase in 
RBF dining tfce first phase of arthritis despite a marked 
elevation in glucose metabolism. It remains possible that 
increased plasma extravasation has an attenuating effect on 
RBF. There is marked synovial hyperplasia characterized by 
an enhanced proliferation during the first days of arthritis. 
Most of the extra glucose metabolism is required for anaer- 
obic glycolysis or processes other than cell proliferation, 
possibly related to the increased number of inflammatory 
cells. The main foci of the inflammation seem to be in the 
areas adjacent to cartilage. 
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Local and systemic macrophage activation was examined during the course of 
monoarticular murine antigen-induced arthritis (AIA), induced by systemic 
immunization and subsequent local induction. The levels of tumour necrosis 
factor-a (TNF-a), interleukin-lp (IL-lp), IL-6, IL-12p70, and nitric oxide (NO) 
were determined in joints, sera, and supernatants of peritoneal macrophages 
(the latter unstimulated or stimulated ex vivo with LPS/IFN-y). In comparison 
with normal mice, systemic immunization (day 0) was associated to significant 
rise of TMF-a in serum, IL-ip in the joints, IL-6 in unstimulated macrophages 
and IL-12p70 in stimulated macrophages. Local induction led to a further 
significant increase of: (i) TNF-a, IL-lp, and IL-6 in the joints; and (ii) IL-ip, 
and IL-6 in sera and stimulated macrophages during acute and/or early 
chronic AIA (days 1 to 7). Unstimulated macrophages showed increased NO 
release (day 3), while stimulated macrophages significantly increased secretion 
of IL-12p70 (day 1). In late chronic AIA (day 21), cytokine/NO expression 
returned to immunization levels or below at all sites; solely IL-lp in the joints 
remained significantly above normal levels. Therefore, the prevalently local 
AIA model is characterized by a mixture of local and systemic activation of the 
mononuclear phagocyte system (MPS). While systemic MPS activation preced- 
ing arthritis induction can be attributed to systemic immunization, further 
systemic activation during arthritis appears an integral pathogenetic compo- 
nent of AIA. © 2001 Academic Press 



Introduction 

Human rheumatoid arthritis (RA) is a chronic sys- 
temic disorder of unknown aetiology, characterized by 
progressive joint destruction. Crucial pathogenic 
phenomena are joint inflammation, synovial hyper- 
plasia, and abnormal immune responses [1]/ with 
infiltration of T-helper (Th) cells and macrophages 
into synovial tissue (reviewed in [2-4]), Antigen- 
induced arthritis (AIA), an intensively-studied exper- 
imental arthritis model, shows homologies to human 
RA in terms of histopathology and responses to 
several immunomodulatory drugs [5]. AIA is induced 
by systemic immunization with antigen (methylated 
bovine serum albumin; mBSA) in complete Freund's 
adjuvant (CFA), followed by single intra-articular 
injection of the antigen into the knee joint cavity [6]. 

Several lines of evidence suggest that activated 
macrophages play a relevant role in arthritis through: 
(i) processing and presentation of (auto)antigens to 
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T cells; (ii) production of the pro-inflammatory 
mediators; rumour necrosis factor-a (TNF-a), 
interleukin-l (IL-1), IL-6, IL-12, nitric oxide (NO) and 
other radicals; and (iii) production of tissue-degrading 
enzymes (reviewed in [3, 4]). TNF-a and IL-1, for 
example, may crucially affect mechanisms of joint 
destruction [7] or reactivate AIA [8]. IL-6 can act 
synergistically with IL-1 in the acute-phase reaction 
during inflammation, activating T cells and inducing 
terminal differentiation of B cells into plasma ceUs [9]. 
Activated macrophages also produce IL-12, a cytokine 
that critically influences the Thl/Th2 balance in 
favour of a Thl pro-inflammatory activity (reviewed 
in [10]) and has a prc^arthritogenic role [11], at least 
partially in an autocrine fashion. 

Finally, upregulation of the inducible isoform of 
nitric oxide synthase (iNOS), induced in macrophages 
and synoviocytes by various stimuli [12, 13]/ results in 
increased formation of NO; this mediator inhibits the 
synthesis of proteoglycans and is elevated in the 
synovial fluid of RA patients [14, 15]. 

However, the occurrence of systemically-secreted 
cytokines and their influence on locally-induced 
arthritis remains to be elucidated. This study focussed 
on the longitudinal course of systemic and local 
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cytokines prevalently produced by macrophages in 
murine AIA. Although a contribution of other cell 
types (in particular synovial fibroblasts and chondro- 
cytes) to the cytokine levels cannot be excluded, the 
expression of these mediators was interpreted as a 
sign of macrophage activation. The advantage of AIA 
over other animal models lies in the exactly-defined 
initiation of arthritis, elicited by antigen injection into 
the knee joint cavity. The analyses included the acute 
and chronic stages of disease, as well as the preceding 
immunization status. Normal mice served as controls. 
Local macrophage activation was assessed by analysis 
of the pro-inflammatory mediators TNF-a, IL-1, IL-6, 
IL-12p70 (the active form of IL-12, a candidate stimu- 
lus of macrophage activation), and NO in the 
inflamed joints, while the serum and peritoneal 
macrophages harvested from the same animals 
(both unstimulated and after ex vivo stimulation) were 
analysed for signs of systemic activation. 



Materials and Methods 

Animals 

Female C57BL/6 mice, 7-9 weeks of age/ and male/ 
female C3H/J mice, 4-8 weeks of age, were obtained 
from the Animal Research Facility, Beutenberg 
Campus, Friedrich Schiller University, Jena, Germany. 
They were housed under standard conditions, 
in a 12-h light/ dark cycle, and fed with standard 
pellets (Altromin #1326, Lage, Germany) and water 
ad libitum. All animal studies were approved by the 
governmental commission for animal protection. 



Induction of arthritis 

On days -21 and -14, C57BL/6 mice were immu- 
nized by subcutaneous injection of 100 |ig methylated 
bovine serum albumin (mBSA) in 50 ul saline, emul- 
sified in 50 ul complete Freund's adjuvant (Sigma, 
Deisenhofen, Germany; adjusted to a concentration of 
2mg/ml of heat-killed Mycobacterium tuberculosis, 
strain H37RA/ Difco, Detroit, MI, USA). In addition, 
intraperitoneal injection of 2xl0 9 heat-killed Bordetella 
pertussis (Pertussis Reference Center, Krankenhaus 
Berlin-Friedrichshain, Germany) was performed. 
Arthritis was elicited on day 0 by sterile injection of 
100 fig mBSA in 25 ul saline into the right knee joint 
cavity, while the left knee joint remained untreated. 
Animals were analyzed before (non-arthritic mice 
systemically immunized with mBSA; day 0) and at 
various time-points after AIA induction (days 1, 3, 7, 
and 21). Normal mice served as controls. All measure- 
ments were performed in at least three independent 
experimental series, yielding comparable results. 



Joint swelling 

Mice were anaesthetized before immunization (nor- 
mal), before arthritis induction (day 0), and on days 1, 
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3, 7, and 21 of AIA. The knee joint diameter was 
measured using an Oditest vernier calibre (Kroeplin 
Langenmesstechnik, Schluchtem, Germany). Joint 
swelling was expressed as the difference in diameter 
(mm) between the right (arthritic) and left (control) 
knee joint. 



Histology and grading of arthritis 

After sacrificing the mice, both knee joints were 
removed in toto, skinned, and fixed in 4.5% 
phosphate-buffered formalin. After decalcification in 
EDTA, the joints were embedded in paraffin, cut into 
5-um-thick frontal sections, and stained with 
haematoxylin-eosin or safranin O for microscopic 
examination. The extent of joint inflammation (as 
defined by density of leukocytes infiltrated in the 
synovial membrane/joint space and degree of syno- 
vial lining layer hyperplasia) and the degree of joint 
destruction (cartilage necrosis, bone erosion, and 
pannus formation) were examined in four sections per 
knee joint by two independent observers (P.K.P., 
S.H.) and graded blindly using a semiquantitative 
score with 0=no, l=mild, 2=moderate, and 3=severe 
alterations. 



Analysis of serum cytokines 

Mice were anaesthetized and killed by cervical dislo- 
cation. Sera were collected by total bleeding from the 
carotid artery and stored at -70°C Analysis of murine 
TNF-a, IL-ip, 11^6, and IL-12p70 was performed with 
commercially available ELISA kits according to 
the manufacturer's instructions (R&D Systems, 
Wiesbaden, Germany). The sensitivity of the assays 
was 5 pg/ml for murine TNF-a, 3 pg/ml for IL-ip or 
IL-6, and 2.5 pg/ml for IL-12p70. 



Cytokine analysis in joint extracts 

Whole joints were taken at various time points of 
AIA development, snap-frozen in isopropane/liquid 
nitrogen, and stored at -70°C until further analysis. 
Joint extracts were obtained according to Smith-Oliver 
et aL [16], i.e., the frozen joints were ground under 
liquid nitrogen with a mortar and pestle. The 
powdered tissue was transferred to a glass hom- 
ogenizer, and exactly 2 ml of sterile saline were 
added. The powder suspension was homogenized 
by hand for 2 min and centrifuged for 20min at 
1500 and 4°C The supernatant was spun again at 
300 *g for 10 min, and the resulting supernatant ali- 
quoted and frozen at -70°C. The assays proceeded 
using commercially available ELISA kits for murine 
TNF-a, IL-ip, IL-6, and IL-12p70 (R&D Systems; see 
above). 
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isolation and stimulation of peritoneal 
macrophages 

Peritoneal cells were harvested by peritoneal lavage of 
six to eight individual C57BL/6 mice with 7 ml cold 
phosphate-buffered saline (PBS) containing 5IU/ml 
heparin (Liquemin N 2000, Hoffmann-La Roche, 
Grenzach-Whylen, Germany), before and at various 
times after arthritis induction. The washed cells were 
resuspended at a density of lxl0 6 /ml in RPMI 1640 
medium (Gibco, Eggenstein, Germany) supplemented 
with 10% foetal calf serum (FCS, Gibco), 2mM 
Lrglutamine (Gibco), 100 U/ml penicillin (Jenapharm, 
Jena, Germany), 100 ug/ml streptomycin (Grunenthal, 
Stolberg, Germany), 0.5 uM 2-mercaptoethanol 
(Gibco), and 10 mM Hepes (Gibco; hereafter complete 
RPMI 1640 medium). A total of lxlO 6 cells/ml/well 
were seeded in 24-well tissue culture plates (Greiner 
Bio-One, Frickenhausen, Germany), and allowed to 
adhere for 2 h at 37°C and 5% C0 2 . After attachment, 
non-adherent cells were removed by washing with 
warm medium and recounted to calculate the number 
of adherent cells in the well by subtraction. The 
remaining adherent cells consisted of >95% macro- 
phages [17]. Following incubation for 24 h with or 
without the combination of lug/ml LPS (E. coli, 
serotype 026:B6; Sigma) and lng/ml recombinant 
murine IFN-y (R&D Systems), the cell culture super- 
natants were removed, frozen in aliquots, and stored 
at -70°C until analysis of cytokines by bioassays 
(TNF-a, IL-1, and IL-6) or ELISA (IL-12p70), as well as 
NO analysis by the Griess reaction. For TNF-a deter- 
rninarion, the cells were cultured in serum-free 
macrophage medium (Macrophage-SFM, Gibco). 
LPS-contamination of all media and solutions was 
<1 ng/ml (LAL-test; E-Toxate, Sigma). 



TNF bioassay 

TNF activity in culture supernatant of peritoneal 
macrophages was determined by a cytotoxicity bio- 
assay, using the L929 fibroblast cell line [18]. Briefly, 
5xl0 4 L929 cells were plated in 96-well flat-bottom 
plates (Greiner Bio-One), duplicates incubated for 20 h 
with serial dilutions of test supernatant or recom- 
binant murine (rm) TNF-a (R&D Systems), followed 
by viability assessment with crystal violet staining. 
The TNF-a concentration in the test samples was 
calculated by comparing the dilutions of rmTNF-a 
and the test samples inducing 50% cytolysis. Assay 
sensitivity was determined as 2 pg/ml murine TNF-a. 
Assay specificity was demonstrated by complete 
blocking of rmTNF-a activity (5 pg/ml) by addition of 
100 pg/ml anti-TNF mAb (clone Vlq). 



IL~1 bioassay 

IL-1 activity in culture supernatants was determined 
by a bioassay using co-stimulation of murine thymo- 
cytes [19]. Briefly, thymocytes from C3H/J mice were 
suspended at a density of lxl0 7 /ml in complete 



RPMI 1640 medium. Duplicates (lxlO 6 cells /well) 
were cultured in 96-well flat-bottom plates (Greiner 
Bio-One) for 70 h at 37°C and 5% CO^ in the presence 
of lug/ml concanavalin A (ConA; Pharmingen, 
Heidelberg, Germany) and either serially diluted 
(2-fold) macrophage supernatant or rmIL-ip (R&D 
Systems). 3 H-thymidine (0.5 uCi; specific activity 
29Ci/mmol; Amersham Buchler, Braunschweig, 
Germany) was added to each well for the last 22 h 
of incubation. The cells were harvested and the 
thymidine incorporation was measured. The IL-1 con- 
centration in test samples was calculated by compar- 
ing the dilutions of rmIL-ip and the test samples 
inducing a 4-fold increase of thymidine incorporation. 
Assay sensitivity was 10 pg/ml IL-1 p. In this bioassay, 
both IL-la and IL-ip are biologically active, therefore 
the test sample concentrations were specified as IL-1. 



IL~6 bioassay 

IL-6 activity in culture supernatants was determined 
using the IL-6-dependent B9 cell line as described 
previously [20], Briefly, 2.5 xlO 3 B9 cells (duplicates) 
were plated in 96-well plates (Greiner Bio-One), then 
serial dilutions of test supernatant or rmIL-6 standard 
(R&D Systems) were added and the cells incubated 
for 72 h at 37°C. For the last 4h, 50 ug (3-(4^)- 
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro- 
mide (MTT; Sigma) were added to each well. Cells 
were then lysed with 10% SDS in 50% dimethylf orma- 
mide and the absorbance read at 570 nm. The IL-6 
concentration in test samples was calculated by com- 
paring the dilutions of rmIL-6 and the test samples 
inducing half-maximal proliferation of B9 cells. Sensi- 
tivity of the assay was determined as 100 pg/ml 
rmIL-6. The specificity was validated by showing that 
neutralizing antibodies abrogated all effects of rmIL-6. 



Measurement of NO production 

The concentration of nitrite, which is proportional to 
NO production, NOS activity [21], and NOS-mRNA 
expression [22], was determined as described pre- 
viously [20]. Briefly, test samples (100 ul) were mixed 
with an equal volume of Griess reagent in a 96-well 
microtitre plate (Greiner Bio-One). Absorbance was 
read at 570 nm and the test sample nitrite concen- 
trations were calculated using known concentrations 
of sodium nitrite (NaN0 2 ) as a standard. Assay 
sensitivity was 1 umol/1 NaN0 2 . 



Statistical analysis 

The multi-group Kruskall Wallis test was used for 
statistical evaluation of the data. Only those par- 
ameters that revealed significant differences (P^O.05) 
were further analysed with the non-parametric 
Mann-Whitney tf-test. A P-value of <0.05 was 
considered to be statistically significant. Analyses 
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Duration of arthritis (d) 
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Figure 1. Time-course of AIA (days 0, 1, 3, 7, and 21) as 
measured by joint swelling (A) and histological scores of 
joint inflammation (B) and joint destruction (C) (see 
methods for details). Results are expressed as means±SEM 
of at least six individual animals per group. *P£0.05, com- 
pared to normal control animals (N); *P<0.05 compared to 
immunized, non-arthritic mice (day 0), s Pfi0.05 compared to 
day 1, °P£0.05 compared to day 3, X P^0.05 compared to day 
7 of arthritis. 



were performed using the SPSS 10.0® program (SPSS 
Inc., Chicago, II, USA). 



Results 

Clinical disease activity 

Joint swelling reached its maximum on day 1 of 
arthritis, and gradually declined until day 7 
(Figure 1A). During the acute phase (days 1 and 3), 
joint swelling was significantly elevated compared to 
the chronic phase (days 7 and 21). In the chronic 
phase, the joint diameter remained significantly 
elevated in comparison with normal control mice 
and with mice which had only been systematically 
immunized (day 0; Figure 1A). 



During arthritis, the joint inflammation score, as 
defined by hyperplasia of the synovial lining layer 
and cellular infiltration (Figure IB), reached its maxi- 
mum on day 7 and declined thereafter. In contrast, the 
joint destruction score, as defined by pannus forma- 
tion, as well as cartilage and bone erosion, became 
significantly elevated on day 3 but reached its 
maximum only during late chronic arthritis (day 21; 
Figure 1C). Thus, the following phases could be 
identified: immunization (day 0), acute phase (days 1 
to 3), early chronic (day 7) and late chronic phase 
(day 21). 



Cytokine levels in joint extracts 

In the immunization phase (day 0), therefore even 
before the injection of antigen into the joints, there 
was already a significant elevation of IL-ip compared 
to normal joints (Figure 2B). These, in turn, contained 
only trace amounts of IL-lp. 

During the acute phase (days 1 and 3), the joint 
extracts displayed significant elevations of TNF-a, 
IL-ip, and IL-6 in comparison to the immunization 
phase (Figure 2A, B & C). On day 7, TNF-a and IL-6* 
returned to immunization levels (Figure 2A & C). 
IL-ip also significantly declined compared to day 3, 
however it remained significantly elevated compared 
with normal controls (Figure 2B). IL-1 [J remained 
significantly above normal controls also on day 21, 
i.e., well into the late chronic phase of AIA, In terms of 
degree of cytokine expression, the elevations of 
IL-ip and IL-6 were of the same order of magnitude 
(Figure 2B & C), reaching levels of approximately 
1 ng/ml In comparison, the elevation of TNF-a was 
moderate (Figure 2A) # reaching only approximately 
35 pg/ml. 



Cytokine levels in the supematants of A! A 
peritoneal macrophages 

Unstimulated macrophages derived from the 
peritoneal cavity of AIA mice spontaneously released 
large quantities of IL-6 (approximately 20-30 ng/ml; 
Figure 2F), which significantly differed from those in 
normal mice throughout the course of AIA. The levels 
measured in samples obtained during AIA, however, 
were not significantly different from those observed 
upon systemic immunization (day 0; Figure 2F). Sig- 
nificant differences were instead observed between 
the acute (days 1 and 3) and late chronic phase of AIA 
(day 21; Figure 2F). There was no spontaneous release 
of TNF-a or IL-1 (Figure 2D & E). 

Upon ex vivo stimulation with LPS plus IFN-y, in 
contrast, AIA peritoneal macrophages produced sig- 
nificant levels of TNF-a and ILrl (Figure 2G & H), i.e., 
significantly more than stimulated peritoneal macro- 
phages derived from normal control mice (TNF-a, 
IL-1) or immunized mice (IL-1). Stimulated AIA per- 
itoneal macrophages also significantly increased their 
production of IL-6 (Figure 21). While in the case of 
TNF-a there was a single significant peak on day 1 
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Figure 2. Cytokine concentrations (TNF-a, IL-1, and IL-6) in different compartments (joint extracts, A-C; supematants of 
unstimulated and ex vivo stimulated peritoneal macrophages, D-I; and serum, J-L) during the course of AIA (days 0, 1, 3, 7, 
and 21) was measured by ELBA (joint extracts, sera) or bioassay (supematants of macrophage cultures). Results are 
expressed as means ±SEM of at least six individual animals oer group. *T£0.05, compared to normal control animals (N); 
■*P£0.05 compared to iirununized, non-arthritic mice (day 0), SPSO.OS compared to day 1, °P^0.05 compared to day 3, X F£0.Q5 
compared to day 7 of arthritis. 
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(Figure 2G), in the case of IL-1 and 11^6 the significant 
elevations extended to days 1, 3 and 7 (Figure 2H & 1), 
matching the course of acute and early chronic disease 
(Figure 1A). 



Cytokine levels in serum 

The immunization status (day 0) was characterized by 
significant elevation of serum TNF-a (Figure 2J). A 
slight elevation of 11^6, in turn, was not significant 
compared to normal controls (Figure 2L). In the acute 
phase of arthritis, there was a significant elevation of 
TNF-ct, IL-lp, and IL-6. For TNF-a, the elevations did 
not exceed those observed in immunized animals 
(day 0), maintaining a plateau between day 1 and 
day 7, and then dropping to normal control levels on 
day 21 (Figure 2J). Notably, the TNF-a elevation in the 
serum was of the same order of magnitude as that 
observed in joint extracts (Figure 2A), only more 
prolonged during the course of ALA (until day 7) and 
already visible upon immunization (day 0). In the case 
of IL-ip, the profile of the cytokine mount (signifi- 
cantly above normal and immunized mice) was 
opposite to that of the joint swelling (Figure 1A), as 
IL-ip slowly rose to reach a late peak only on day 7 
(Figure 2K). On day 21, the IL-10 levels decreased 
significantly to normal control levels (Figure 2K), In 
the case of IL-6, significant peaks above normal and 
immunized mice were reached on day 1 and 3 of AIA. 
These declined significantly to normal levels on day 7 
(Figure 2L). 



IL~12p70 

In the joints, minute amounts of II^12p70 (<5 pg/ml) 
were detectable already in normal animals. These 
levels did not change upon immunization (day 0), but 
showed a minor, significant peak above normal levels 
during early acute AIA (day 1), with a significant 
decrease until day 7 (Figure 3A). 

While resting peritoneal macrophages did not 
release any IL-12p70 (Figure 3B), ex vivo stimulated 
cells released considerable amounts of this cytokine 
(max. 250 pg/ml) (Figure 3C). The elevation was sig- 
nificant already upon immunization (day 0) in com- 
parison with normal controls, but became more 
prominent on days 1 and 7 of AIA. Between these two 
time points, IL-12p70 dropped significantiy on day 3 
(P<0.0Q01; Figure 3C). This apparently biphasic course 
matched the peak of joint swelling on day 1 and 
appeared to accompany the transition into early chro- 
nicity (day 7; Figure 1A). This biphasic course was 
confirmed in three independent experimental series 
(data not shown). 

Minute levels of IL-12p70 (max. 5 pg/ml) could also 
be detected in the serum of AIA mice, however they 
only rninimally and non-significantiy exceeded those 
of normal or immunized mice (Figure 3D). 
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Figure 3. Concentration of IL-12p70 in different compart- 
ments (joint extracts, A; supematants of unstimulated and 
ex vivo stimulated peritoneal macrophages, B-C; and serum, 
D) during the course of AIA (days 0, 1, 3, 7, and 21), as 
analysed by ELISA. Results are expressed as means±SEM of 
at least six individual animals per group. *P«0.05, compared 
to normal control animals (N); + P£0.05 compared to immu- 
nized, non-arthritic mice (day 0), S P£0,05 compared to day 1, 
°P£0.05 compared to day 3, X P£0.05 compared to day 7 of 
arthritis. 
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Nitric oxide 

NO was detectable only in the supernatants of AIA 
peritoneal macrophages. In unstimulated macro- 
phages, the mean NO levels showed a significant 
peak above normal and immunized mice on day 3 
(Figure 4B), while stimulated peritoneal macrophages 
only demonstrated a minor (1.5-fold), but significant 
peak above normal levels on day 1 of AIA, with a 
significant decrease thereafter (Figure 4C). The nega- 
tive results in joint extracts (Figure 4 A) and serum 
(Figure 4D) were not explainable by the presence of 
inhibitors of the Griess reaction in the respective 
compartments, since the addition of joint extracts 
or serum samples to known NO standards did not 
influence the expected results (data not shown). 



Discussion 

Cytokine profile during the immunization status 

The immunization status immediately preceding the 
induction of local AIA (day 0) was characterized by 
signs of systemic macrophage activation, i.e., eleva- 
tion of TNF-a in the serum and considerable release of 
IL-6 and IL-12p70 by peritoneal macrophages. The 
systemic involvement of macrophages is well- 
compatible with an MPS response to the spread of 
antigen and/or adjuvant from the injection site, in 
addition to a response to intraperitoneally-injected 
adjuvant (Bordetelht pertussis). 

Interestingly, at this preclinical stage cytokine pro- 
duction was also evident locally in the joints, as 
shown by significant elevations of IL-1 P in compari- 
son to normal. This partial macrophage activation at 
the local site is probably the result of repeated leakage 
of systemically-applied antigen into the joint [23], and 
is supported by local detection of IL-6 and IL-10 at this 
stage of murine AIA [24]. 

The source of serum TNF-a remains unclear. 
Because the serum levels at this stage clearly exceed 
the joint levels, a spill-over from the joints is highly 
unlikely. Previous studies in the prearthritis phase of 
other experimental arthritides [25, 26] map significant 
TNF-a and IL-10 mRNA production to the drain- 
ing lymph nodes (but, for example, not the spleen), 
suggesting lymph nodes as a source of serum TNF-a. 
Whether elevated TNF-a production by activated 
circulating monocytes contributes to increased 
TNF-a levels in serum, in analogy to human 
rheumatoid arthritis [27], remains a matter of further 
investigation. 
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Figure 4. Nitrite concentration in different compartments 
(joint extracts, A; supernatants of unstimulated and ex vivo 
stimulated peritoneal macrophages, B-C; and serum, D) 
during the course of AIA (days 0, 1, 3, 7, and 21) was 
measured using the Griess reaction. Results are expressed as 
means ±SEM of at least six individual animals per group, 
*P<0.G5, compared to normal control animals (N); *P<0>05 
compared to immunized, non-arthritic mice (day 0), S P£0.05 
compared to day 1, °P<0.05 compared to day 3 of arthritis. 



Cytokine profile during acute AIA 

Acute AIA (days 1 and 3) was characterized by a 
significant rise of TNF-a, IL-ip, and IL-6 in the joints, 
as well as IL-ip and IL-6 in the serum, thus with a 
more complex cytokine pattern compared to the 
immunization phase. 



In the joint, the cytokine elevation matched the 
course of acute disease. However, the cytokine peak 
showed a 2-day delay in comparison with the peak 
of the joint swelling. These findings are well- 
consistent with the dynamics of the cellular infiltra- 
tion, especially of macrophages [28], and stress the 
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importance of macrophage-derived cytokines in acute 
arthritis [24]. Quantitatively, TNF-a levels in the joints 
were approximately 25-40 times lower than those of 
IL-lp and IL-6. These findings stress the critical role of 
IL-1 [3 and IL-6 in acute arthritis [3) # and agree with the 
knowledge that in this animal model counteraction of 
IL-ip is more effective than counteraction of TNF-a 
[29]. On the other hand, the present data do not 
exclude that low TNF-a levels may be sufficient to 
influence the acute phase of experimental and human 
arthritis [25, 26, 30]. 

Presence and magnitude of IL-12p70 in joint 
extracts of A1A show good correspondence with data 
in experimental collagen-induced arthritis [31] and 
human RA [32, 33], and support a pathogenetic role 
for even small amounts of this cytokine also in AIA. 
Notably, the significant peak of IL-12p70 was reached 
on day 1, i.e. 2 days before the peak of the pro- 
inflammatory cytokines TNF-a, IL-lp, and IL-6. This 
time course is compatible with a primary 
macrophage-activating role of IH2 in AIA [11]. 

The lack of NO in the AIA joints, on the other hand, 
represents a clear difference in comparison with 
human RA [4] and experimental arthritides, such as 
AIA in rabbits [34] and rats [20]. Since the presence of 
inhibitors of the NO detection assay was excluded, the 
present findings probably reflect species differences in 
the AIA model. 

In the serum, TNF-a elevation lasted until day 7, 
however at a constant level from the immunization 
phase. This stable course does not reflect the minor 
increase of this cytokine in the joints, and therefore 
suggests alternative production sites. At the equiva- 
lent stage of rat adjuvant arthritis, for example, TNF-a 
mRNA is expressed almost exclusively in the spleen 
[26). IL-ip and IL-6, in contrast, showed serum peaks 
that generally matched the course of joint swelling, 
suggesting a possible spill-over from the joints. How- 
ever, in the case of IL-lp, the peak levels were reached 
on day 7, i.e v 6 days after the joint swelling peak. 

Whilst clear elevations of serum IL-6 have been 
previously observed in human RA [35, 36] and exper- 
imental arthritides including AIA [20, 37-39], elevated 
levels of IL-1 protein have been described in adjuvant 
arthritis [40], and, at least in some studies, in human 
RA [41, 42], but not in AIA [39], Although the role 
of systemic elevation of IL-ip and IL-6 in AIA is 
presently unclear, evidence for a systemic pro- 
inflammatory influence of IL-6 on AIA has recently 
been reported in IL-6 knock-out mice [43]. 

Unstimulated peritoneal macrophages from AIA 
mice produced large amounts of IL-6 and low, but 
detectable amounts of NO, probably as a reaction to 
bacterial adjuvant and /or systemic spreading of anti- 
gen. In addition, peak production of IL-6 in unstimu- 
lated peritoneal macrophages, as well as TNF-a, IL-1, 
IL-6, and NO in LPS/IFN-y-stimulated peritoneal 
macrophages, temporally coincided with or even pre- 
ceded the time-course of swelling and cytokine pro- 
duction in AIA joints. This suggests parallel activation 
of macrophages in the joint and the peritoneal cavity 
during AIA, as previously observed in other exper- 
imental arthritis models [4]. Interestingly, IL-12p70 
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elevation in stimulated peritoneal macrophages was 
biphasic (days 1 and 7, with a significant drop on day 
3), stressing that peritoneal macrophages may partici- 
pate in the dual role of IL-12 during arthritis, 
i.e., disease promotion in early disease, but disease 
suppression in late phases [44]. 



Cytokine profile during chronic AIA 

IL-lp was the only cytokine to remain significantly 
elevated in the joints during chronic AIA, similarly to 
findings in other arthritis models [40, 45). The tem- 
poral coincidence with the progression of joint 
destruction, starting in the early chronic phase (see 
Figure 1C), is compatible with a central importance of 
this cytokine for the destruction of cartilage and bone 
in experimental arthritis [46, 47]. Parallel, selective 
elevation of IL-ip in joints, macrophage supernatants, 
and serum (although at clearly reduced levels com- 
pared to the acute phase), suggests that macrophage 
may primarily use IL-1JJ as a mediator for their 
functions in chronic disease [26]. This is in clear 
contrast to the simultaneous elevation of all 
investigated cytokines in the acute phase of AIA. 



General considerations 

In spite of its local character, AIA exhibits clear sys- 
temic signs of macrophage activation, i.e., the eleva- 
tion in the serum of the pro-arthritogenic cytokines 
TNF-a and IL-IP, as well as the increased levels of IL-6, 
a cytokine involved in the acute phase response circuit. 
Also, peritoneal macrophages show signs of activation 
in AIA, both constitutively and upon additional ex vivo 
stimulation. Since the systemic signs appearing in 
acute AIA mostly exceed those observed upon sys- 
temic immunization, systemic MPS activation appears 
to be an integral pathogenetic feature of this local 
arthritis model, presumably driven by leakage of anti- 
gen and pro-inflammatory stimuli from the inflamed 
joints. This systemic feature of arthritis can clearly be 
observed also in human RA [27, 48, 49], and makes 
systemic counteraction of MPS activation an attractive 
target for therapeutic intervention [50, 51]. 
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SUMMARY 

Complement activation has been implicated in the pathogenesis of human rheumatoid arthritis. We 
sought to determine whether inhibition of complement (C) using sCRl could influence the development 
and progression of antigen arthritis in the rat, a recognized model of human chronic synovitis. The effect 
of C inhibition, systemically and locally, on three different stages of disease was examined: (i) 
prophylaxis, (ii) treatment of established inflammation, and (iii) prevention of antigen-induced flares of 
disease. Arthritis was assessed by knee swelling and by histological examination. Our results show that 
intra-articular injection of sCRl prior to disease onset reduced joint swelling and development of 
arthritis, whereas systemic administration was ineffective. Treatment of established arthritis with intra- 
articular sCRl 3 days after disease onset caused a transient reduction in swelling, but treatment 7 days 
after disease onset had no effect on disease. An intra-articular dose of sCRl given at the time of disease 
flares had a small, yet significant effect on knee swelling. We conclude that complement activation is 
important in the initiation and maintenance of inflammation in antigen arthritis. The potent effect of 
local C inhibition suggests that C biosynthesis and activation within the joint contributes to inflamma- 
tion in this model of arthritis. 
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INTRODUCTION 

Activation of complement (C) has been shown to contribute to 
tissue damage in a variety of inflammatory and infectious diseases 
[1]. Evidence of an involvement of C in rheumatoid arthritis (RA) 
has come from several sources; C activation products are present in 
blood and synovial fluid of patients with active RA [2-7], and 
products of C activation are deposited in the rheumatoid synovium. 
Human rheumatoid synovial cells attacked in vitro with C are 
induced to release a spectrum of inflammatory products including 
prostaglandins and cytokines [8,9], providing a mechanism for the 
perpetuation of joint inflammation. The development of a recom- 
binant soluble form of the human membrane complement regu- 
latory molecule, complement receptor one (sCRl:TP10 ) has been 
described [10]. This 247-kD protein is a potent inhibitor of the 
classical and alternative complement pathways. It binds to C3b and 
C4b, resulting in inactivation of the C3 and C5 convertase. It has 
proved an excellent inhibitor of the in vitro activation of serum 
complement in humans and a variety of other species. Since its first 
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description, sCRl has been shown to suppress tissue injury in a 
variety of animal models of human disease, including myocardial 
[1 1] and gut [12] ischaemia/reperfusion injury, graft rejection [13], 
adult respiratory distress syndrome [14] and experimental allergic 
encephalomyelitis [15]. This study describes the effect of sCRl on 
the clinical course and pathogenesis of rat antigen arthritis, an 
animal model of human chronic synovitis. We show that intra- 
articular injection of sCRl markedly reduced joint swelling and 
development of destructive arthritis, the latter judged by assessing 
the neutrophil infiltrate into the synovium and erosion of articular 
cartilage. Systemic sCRl caused little inhibition of this arthritis, 
and the combination of therapies was not significantly better than 
intra-articular therapy alone. These results suggest that C is 
involved in the generation of pathology in this model and suggest 
that intra-articular synthesis of C is important in the initiation and 
perpetuation of the inflammatory process. 

MATERIALS AND METHODS 

Animals 

Male Lewis rats (100-150 g) were obtained from Bantin and 
Kingman (The Field Station, Hull, UK) and housed in cages of 
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four at Biomedical Services U.W.C.M. They were allowed free 
access to food and water and kept in light/dark cycles of 12 h. 

Arthritis induction 

Arthritis was induced following an established method [16]. 
Briefly, on two occasions a week apart, an emulsion containing 
equal volumes of methylated bovine serum albumin (mBSA; 
0-5mg/ml; Sigma Chemical Co., St Louis, MO) and Freund's 
complete adjuvant (FCA; 0-25 mg Mycobacterium tuberculosis; 
Sigma) was injected subcutaneously into the backs of the animals. 
Fourteen days after this second subcutaneous injection (day 0), an 
intTa-articular injection of mBSA (01 mg in lOO/il of saline) was 
given into the right knee of each animal. The left knee served as a 
control and received an equal volume of saline. 

Treatment regimens 

Cobra venom factor (CVF) was purified from the venom of the 
Naja Naja cobra (Sigma) by the method of Vogel & Muller- 
Eberhard [17] and was a gift from Dr J. P. Camilleri (U.W.C.M.). 

Recombinant, endotoxin-free sCRl (TP10) at a concentration 
of 4-95mg/ml in sterile PBS pH 7-0 was provided by T Cell 
Sciences Inc. (Needham, MA), 

The effect of C inhibition on three different stages of disease 
was examined: (i) prophylaxis, (ii) treatment of established inflam- 
mation, and (hi) prevention of antigen-induced flares of disease. 

Prophylaxis. Animals were randomized into groups of five. 
Disease was induced in all animals. Each group of five received 
one of the following treatment regimens: (i) i.p. CVF 100U 2 days 
before onset of disease; (ii) i.p. CVF 2 days before onset of disease 
and intra-articular sCRl with the disease-initiating antigen; (iii) 
i.v. sCRl 20mg/kg daily for 7 days starting 2 days before 
disease onset; (iv) i.v. and intra-articular sCRl; (v) intra-articular 
sCRI(200 jig) as a single dose with the disease-initiating antigen; 
(vi) control saline-treated group. 

Treatment, Arthritis was induced as described above and 
animals were randomized into groups of five, each group of 
animals to receive one of the following regimens: (i) 200 ^g of 
sCRl given intra-articularly 3 days after disease onset; (ii) 200 jig 
sCRl given intra-articularly 7 days after disease onset; (iii) 
untreated controls. 

Flare reaction. Arthritis was induced as described previously. 
Fourteen days after disease onset a flare was induced in 10 animals 
by a second intra-articular injection of mBSA (0*1 mg) into the 
inflamed right knee. Animals were divided into two groups 
matched for disease severity, one group receiving an intra-articular 
dose of sCRl (n - 5) with the boosting antigen, control rats (n » 5) 
receiving mBSA alone. 

Haemolytic assays 

The animals receiving systemic therapy were bled daily and the 
haemolytic activity of each plasma sample was measured by minor 
modifications of published methods to confirm complement inhibi- 
tion [18]. Briefly, plasma samples were diluted in veronal buffer 
and incubated with a standard concentration of sheep erythrocytes 
sensitized with ambozeptor (rabbit anti-sheep globin; Behring 
Hounslow, UK). Results were expressed as a percentage of 
normal rat plasma haemolytic activity in the same system 



knees, with a Mitutoyo digital calliper. The measurements were 
done in triplicate by an independent observer blind to the treatment 
regimen. The swelling attributed to the antigenic challenge was 
expressed as the difference in millimetres between the mean 
readings of the right (inflamed) and left (normal) knee diameters. 

Histological. Rats from different treatment groups were killed 
14 days after arthritis induction. The knee joints were removed 
intact and fixed in formalin-buffered saline foT 1 week before 
histological processing. Joints were decalcified and embedded in 
paraffin wax, then sectioned in the sagittal plane at 5 /an and 
stained with haematoxylin-eosin. All sections were coded before 
assessment to eliminate observer bias and subsequently scored by 
an independent observer. Sections were graded subjectively on a 
scale of 0-4; 0 = normal; 1= minimal synovial infiltration; 
2= moderate synovial infiltrate with inflammatory exudate in 
joint space; 3 = severe synovial infiltration and inflammatory 
exudate; 4 = severe synovial infiltration, inflammatory exudate 
and full thickness cartilage destruction with bone erosion. 

Statistical analysis 

The one way analysis of variance (anova) was used to determine 
the significance of differences between the knee diameters in 
different treatment groups. Student's Mest was used to determine 
the significance of differences between individual groups. The 
Wilcoxon sum of ranks test was used to determine the significance 
of differences in the histological scores of the knees. 

RESULTS 

Decomplementation with sCRl and CVF 
CVF given as a single i.p. dose reduced the haemolytic activity in 
serum to zero. The animals remained completely decomplemented 
for 5 days. In sCRl -treated animals haemolytic assays were per- 
formed 24 h after each dose. Haemolytic activity of serum was 
reduced to 60% of the haemolytic activity of serum at day 0. 
However, this is an underestimate of the level of decomplementa- 
tion attained during the 24 h post-therapy. Figure I shows a 
clearance study in naive animals. The haemolytic activity of rat 
serum after a single i.v. dose of sCRl (20mg/kg per animal) fell 
rapidly to 20% of that of normal rat serum within the first 15 min 
post-i.v. injection, rose to 40% by 2 h, was maintained at this level 




Disease assessment 

Clinical, Disease was assessed clinically by measuring the 
knee diameters of both inflamed (right) and non-inflamed (left) 

© 1997 BUckwell Science Ltd, Clinical and Experimental Immunology, 110:45-52 



Fig. 1. Residual complement activity in rat serum after a single i.v. dose of 
sCRl (20mg/kg) over 24 h. Results are means of determinations in three 
naive rats, the vertical bar represents s.e.m. of the three measurements. 
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for a further 12 h and then slowly rose so that at 24 h the haemolytic 
activity was 60% that of normal rat serum. Animals receiving intra- 
articular sCRl showed no evidence of systemic decomplementa- 
tion (data not shown). 
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Effects of therapy on clinical disease 

Prophylaxis. The effects on antigen arthritis of inhibition of C 
with either CVF or i.v. sCRl are shown in Fig. 2a. CVF had a 
small but significant effect on the swelling in the first 2 days after 
antigenic challenge (P<0 05). Swelling was decreased compared 
with C-sufficient controls (2-75 mm compared with 4-2 mm). 
However, this effect was not sustained beyond 2 days, and the 
difference in swelling became non-significant for the remainder of 
the experiment. Intravenous sCRl alone showed similar results, 
having a significant anti-inflammatory effect for 3 days. 

The effects on antigen arthritis of intra-articular therapy with 
sCRl are shown in Fig. 2b. A significant reduction in joint 
swelling in both groups that received intra-articular sCRl was 
apparent 1 day after intra-articular challenge (?<0 02) > which 
persisted for the duration of the experiment. The addition of 
systemic decomplementation using either CVF or sCRl did not 
further enhance the anti-inflammatory effect of intra-articular 
therapy alone. 

Treatment. Treatment of established arthritis with a single 
intra-articular dose of sCRl 3 days after disease onset caused a 
small, transient reduction in swelling which was significant at 24 h 
(Fig. 3). Treatment 7 days after disease onset, however, had no 
effect on the clinical disease (data not shown). 

Treatment of a 'flare*. A repeat intra-articular challenge given 
14 days after initiation of disease caused a flare in disease activity 
and increase in joint swelling (Fig. 4a). The flare was significantly 
dampened (P<0-02) in the group which received intra-articular 
sCRl at the same time as the flare-inducing antigen. This differ- 
ence persisted for 3 days after therapy. Identical results were seen 
when the flare was induced on established chronic disease, 40 days 
after disease initiation (Fig. 4b), 

Histology 

Table I summarizes the results of histological analyses of the fixed 
joint sections, and representative micrographs of the histological 
sections are shown in Fig. 5. The results mirror the change in knee 
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Fig. 2. (a) Effect of i.p. cobra venom factor (CVF) (A), i.v. sCRl (O), and 
saline (■) on the development of mono-articular arthritis in the Lewis rat 
Significant difference (P<0-05) was seen in the knee swelling of the 
systemic CVF-treated group compared with controls on day 2; thereafter 
there was no significant difference. Similarly, significant difference was 
seen in the knee swelling in animals that received i.v, sCRl compared with 
controls on day 1 (/ > <0 05), which became non-significant from day 7 until 
the end of the experiment, (b) Effect of intra-articular sCRl (A), i.v. and 
intra-articular sCRl (O), i.p. CVF and intra-articular sCRl (A) and saline 
(■) on the development of antigen arthritis in the Lewis rat. Results are 
means of five animals ± s.e.m. Significant differences were seen in the knee 
swelling of animals in all treated groups compared with controls throughout 
the experiment. There was no statistical difference between the knee 
swelling of animals in the groups that received systemic CVF or sCRl in 
addition to intra-articular sCRl and the group that received intra-articular 
therapy alone. Data are from a single study. The study was repeated three 
times with comparable results. 
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Fig. 3. Effect of treatment of established antigen arthritis with a single 
intra-articular dose of sCRl given 3 days after development of disease. 
Results are means of five animals ± s.e.m. Significant differences in knee 
swelling between animals in the intra-articular sCRl-treated (O) and 
untreated control (■) groups was seen on day 4 (I day after treatment) 
(/><002), which became non-significant thereafter. Data arc from a single 
study. The study was repeated twice with comparable results. 
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Fig. 4. Effect of a single dose of sCRl on the development of a disease 
flare, (a) Flare was initiated on day 14 of already established arthritis by 
administration of a repeated dose of methylated bovine serum albumin 
(mBSA) to the right knee. Animals treated with a dose of intra-articular 
sCRl at the time of flare induction (O) had significantly less knee swelling 
(P<002) from days 16 to 20 compared with animals that received mBSA 
alone (■). (b) Flare was initiated on day 40 of already established arthritis 
by administration of a repeated dose of mBSA to the right knee. Animals 
treated with a dose of intra-articular sCRl at the time of flare induction (A) 
had significantly less knee swelling (/ > <0-05) on days 42-44 compared 
with animals that received mBSA alone (■). Data arc from a single study. 
The study was repeated twice with comparable results. 

swelling. Comparison of the prophylactic effects of the different 
treatment regimens 14 days after arthritis onset revealed no statist- 
ically significant difference in the histological score between 
controls and those which received systemic therapy with either 
CVF or sCRi. However, intra-articular delivery of sCRl improved 
the histological picture significantly (P< 0*0002). The combination 
of both routes of therapy did not further enhance the effect of 
intra-articular therapy alone. 

DISCUSSION 

RAisa chronic disease of unknown aetiology affecting principally 
synovial joints. The stimulus which maintains joint inflammation 
is unclear, but recent observation that the infusion of anti-tumour 
necrosis factor-alpha (TNF-cr) MoAb suppresses joint inflammation 

© 19 



Table 1. The effect of complement inhibition upon the histo- 
logical progression of antigen-induced arthritis in rats 



Treatment protocol 


Individual histological score 


Untreated control 


4, 3, 4, 4, 4, 4, 4, 3, 4 


i.v. sCRl (on day -2) 


2, 2, 3, 2, 4 


i.a. sCRl (on day 0)* 


0,0,0,1,0, 2, 3, 1.0 


i.v. sCR 1 (on day -2) and 




i.a. sCRl (on day 0)f 


1,0,0,1 


i.p. CVF (on day -2) 


4, 2, 3, 3, 2, 3, 1 


i.p. CVF (on day -2) and 




i.a. sCRl (on day 0)J 


1,0, 0, 0,1 



Data arc from a single study. The study was repeated three 
times with comparable results. 

Individual histological scores, as assessed by a blinded 
observer, for the different treatment groups, are reported. When 
the scores from treated rats were compared with untreated 
controls by the Wilcox on sum of ranks test: 

*P< 0-002 for intra-articular (i.a.) sCRl administered on day 0. 

f/^0'05 for combination therapy with sCRl administered 
by i.v. injection on day -2 and i.a. sCRl administered on day 0. 

{/»<0 002 for combination therapy with cobra venom factor 
(CVF) administered by i.p. injection on day —2 and La. sCRl 
administered on day 0. 

in patients with RA highlights the importance of this macrophage- 
derived cytokine [19]. C-binding immune complexes or other C- 
derived inflammatory mediators are present within the joint 
and may also be important in initiating and perpetuating the 
inflammatory response contributing to joint damage [20-23]. 

The relevance of animal models to human disease has always 
been questioned. No animal model is strictly analogous to human 
RA, yet historically they have been used as proving grounds for 
potential therapeutic agents. Activation of the C system has been 
described in three recognized models of RA, namely, rat collagen- 
induced arthritis [24], streptococcal cell wall arthritis in rats [25], 
and, recently, cationic immune complex arthritis in mice [26]. It 
has been reported that the development of joint inflammation in 
each of these animal models is modified by complement depletion 
with CVF [24-26]. It is not, however, feasible to exploit this 
inhibitory effect and use this agent as a therapy in humans, as CVF 
is highly immunogenic and promotes the generation of proinflam- 
matory mediators (C3a, C5a and the membrane attack complex) by 
activating the C pathway to completion. The development of safe, 
specific and potent C inhibitors such as sCRl generated new 
interest in the potential manipulation of the C system in a range 
of inflammatory diseases. 

We wished to test the effects of sCRl in a rat model of arthritis. 
We chose antigen arthritis, a model in which the role of C has not 
previously been examined. Dumonde & Glynn [27] initially 
described antigen arthritis as a chronic inflammatory response in 
rabbits immunized with homologous and heterologous fibrin. 
Antigen arthritis has since been induced in rodents by immuniza- 
tion with a variety of antigens, such as ovalbumin [22], BSA [28] 
or mBSA [16], followed by the intra-articular injection of the same 
antigen. Antigen arthritis is a modified Arthus reaction, in which 
immune complexes are deposited in articular collagenous tissues, 
where they may activate C and other effector systems [20]. The 
model possesses several key similarities with human RA, notably 
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Fig. 5. (See next page) Representative haematoxylin-cosin-stained sections of knee joints isolated from rats with antigen arthritis, (a) Intra- 
articular sCRI -treated rat showing no synovial infiltrate, histological score =0. (b) Inflammatory exudate (IE) in the joint space (JS), 
histological score = 2. 
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Fig. 5 (c) Severe synovial inflammatory infiltrate (SI) with no bone erosions, histological score =3. (d) Untreated control rat showing 
synovial infiltrate and full thickness cartilage destruction and bone erosion (E); histological score = 4. (Mag.x 10.) 
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the deposition and persistence of immune complexes within the 
joint; the joint pathology which includes hyperplasia of synovium 
forming pannus and cartilage erosions, synovial biochemistry and 
response to anti-inflammatory drugs are also similar to those seen 
in human RA. We thus reasoned that this model was the best 
available for testing this potential therapy. 

It was impossible to obtain complete inhibition of C by daily 
i.v. administration of sCRl, using doses and therapy schedules 
which have been reported by others to give complete inhibition of 
C in rats [15 J. The reasons for this discrepancy are uncertain, but 
using standard assay systems we consistently found that the effects 
of sCRl were short-lived (Fig. 1). Nevertheless, despite the 
incomplete inhibition of C we did observe a small, transient, but 
significant reduction in joint swelling (Fig. 2a). A recently pub- 
lished paper examining the effects of sCRl on vascular injury and 
inflammation during renal allograft rejection in the rat showed 
identical kinetics of C inhibition, and despite the inability to cause 
sustained complete C inhibition a beneficial therapeutic effect was 
seen [38]. 

In order to eliminate completely the effects of systemic C, we 
used CVF, a single i.p. dose of which caused complete C inhibition 
for >3 days. The effects on joint inflammation were no greater than 
with the partial C inhibition caused by sCRl. Neutrophil accumu- 
lation within the joints was similar to that in untreated animals with 
both methods of inhibiting systemic C. This suggested either that C 
played a minor role in this model, or that C biosynthesis in the joint 
was involved. sCRl is a large molecule with low tissue penetrance; 
it is thus unlikely to enter the joint in significant amounts. There- 
fore in order to explore the role of intra-articular C synthesis we 
examined the effects of intra-articular administration of sCRl on 
the development of disease. Intra-articular therapy reduced joint 
swelling to a far greater degree than systemic decomplementation 
alone (Fig. 2b), whereas the combination of both i.v. and intra- 
articular routes did not have an additive effect. Importantly, 
intra-articular treatment with sCRl also markedly inhibited inflam- 
mation and destructive changes in the joint (Table 1 and Fig. 5). 
The effects of intra-articular therapy suggest that the synovial 
space has the potential to behave as an isolated environment 
capable of producing C components, and that local C biosynthesis 
and activation is a driving force behind the inflammatory response. 
Such a scenario has been demonstrated in other tissue sites, e.g. 
kidney [29], brain [30], and suggested to occur in the joint [31]. 
Indeed, it has been proposed that local C synthesis may be more 
relevant to disease in numerous situations [32]. 

In normal and arthritic synovium there is a variety of cell types 
which are capable of producing C components. Infiltrating poly- 
morphonuclear cells are capable of producing C3, C6, C7 [33], 
activated macrophages CI, C4, C2, C3, C5 [34], and resident 
synovial fibroblasts C3 and several other components [35-37). As 
these cells are all present in the inflammatory pannus and at the 
sites of bony erosions, the local synthesis of C could contribute 
significantly to inflammation. In this context it is worth noting that 
a study of C3 metabolism in a patient with RA showed that 
approximately half the C3 present in the joint had been synthesized 
locally [38]. It has recently been shown that inhibition of the 
membrane regulator, CD59, in the normal rat knee joint triggers an 
acute transient inflammatory arthritis [31]. The membrane attack 
complex is deposited on the synovial cells even after systemic 
decomplementation, suggesting that the synovium is the source of 
C in this model, thus providing further evidence for the importance 
of local C biosynthesis in initiating joint inflammation. 



Having demonstrated that C has a role to play in the induction 
of disease in this model, we proceeded to examine its role in 
established disease, as this more closely mimics the potential 
therapeutic option in human arthritis. Different results were seen 
depending on the timing of treatment, treating 3 days after onset of 
disease causing a significant, albeit small and transient, reduction 
in inflammation, whereas treating 7 days after disease onset did not 
influence the established inflammation. This suggests that different 
components of the immune system have different relative con- 
tributions to the persisting inflammation at different stages of 
disease. This supports the findings of Griffiths [16] in this disease 
model, who reported that different cellular populations predom- 
inate at different stages of disease, neutrophils predominating 
during the early stages, whereas macrophages and T cells were 
more abundant during the chronic phase. 

Rheumatoid disease is a chronic disease characterized by 
recurrent exacerbations of joint inflammation. Unlike other 
models of arthritis, e.g. collagen-induced arthritis [24], the anti- 
gen-induced arthritis model offers the possibility to induce similar 
flares of disease by repeated application of the intra-articular 
antigen. Flare was induced 14 and 40 days after initial disease 
onset. The pathology at the time of flare induction is characterized 
by macrophages and T cells populating the joint in increasing 
numbers in contrast to the abundance of neutrophils in the acute 
disease [16]. Treating with intra-articular sCRl had a small but 
significant beneficial effect on the swelling which persisted for 
3 days. It did not, however, influence the ultimate course of the 
disease. The data suggest that during a flare of disease or repeat 
intra-articular challenge there is increased generation of immune 
complexes which trigger C activation, with the consequent recruit- 
ment of neutrophils and production of inflammatory mediators. 
Inhibition of C thus dampens the flare but has no long-term effect 
on the underlying chronic disease. 

In conclusion, local inhibition of C with a single dose of intra- 
articular sCRl had a beneficial effect on the course of antigen 
arthritis when given at the time of disease induction or during the 
induction of a flare of established disease. The effects observed on 
established disease and disease flares were modest and transient. 
However, sCRl is a human C inhibitor, the efficacy of which is 
much reduced in rats [10]. It is possible that its more powerful 
inhibitory effect on human C and longer half-life in man will make 
it a much better inhibitor of human disease. The intra-articular 
route of administration is an attractive prospect, as the requirement 
of C for host defence against infection may preclude prolonged 
systemic inhibition of C as a therapeutic strategy. Local inhibition 
caused no reduction in systemic C activity, and offered additional 
therapeutic advantages as the doses required for local treatment 
were much lower than those necessary for systemic treatment. We 
suggest that local therapy with sCRl offers an exciting prospect for 
treatment of human rheumatic disease. 
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Antigen-Induced Arthritis Model 

Introduction : 

Antigen-induced arthritis, first described in 1962, is an established model of RA 
that involves stimulation of T-lymphocyte reactivity against the immiinising antigen 
(Dumonde and Glynn, 1962; Griffiths, 1992). This model is induced by the immunisation 
of animals with a protein antigen (mBSA, ovalbumin or fibrin) and an adjuvant, followed 
by the intra-articular injection of the same antigen (Dumonde and Glynn, 1962; Brackertz 
et al. 9 1977; Yoshino, 1996; Simon et aL 9 2001). This results in an immune-complex 
mediated inflammatory response, characterised by chronic synovitis, which is localised to 
the injected joint. The ability to localise inflammation to the antigen-injected joint only 
(monoarticular arthritis) allows for an internal control in the contra-lateral joint (Griffiths, 
1992). Many of the disease pathologies in this model mimic those seen in human RA 
(Table 1), having both acute and chronic phases of disease (Griffiths, 1992). There is also 
the capacity to induce subsequent flare-ups (as seen in RA), through the re-injection of the 
antigen (Griffiths, 1992; Goodfellow etal 9 1997). 



Table 1: Animal models of rheumatoid arthritis: relevance to human condition. 



Disease Model 


Similarities to human disease 


Antigen-Induced 
(Monoarticular) 
Arthritis 


Infiltration of PMNs, macrophages ana 1 -lympnocyies 

- Swelling of affected joint 

- Hyperplasia of synovial membrane and synovitis 

- Cytokine involvement in various stages of disease 

- Tissue remodeling 

- Similar histology: cartilage erosions and pannus formation 

- Induction of flare-up reaction (local T-cell hyperreactivity) 
Immune-complex mediated 

- Complement involvement 
Drug responsiveness 


Adjuvant 
Arthritis 


- Polyarthropathy of the small peripheral joints and edema 
Unknown autoantigen 

- Osteoclast involvement 

- Tissue remodeling and fibrosis 

Similar histology: bone erosions and pannus formation 

- Complement involvement 
Drug responsiveness 


Collagen-Induced 
Arthritis 


- Polyarthropathy of the small peripheral joints 
oynoviiis ana pciidiucuiai uuiaiijiiuiuvu 

- Infiltration of PMNs and mononuclear cells 

- Significant cytokine involvement 

- Tissue remodeling 

Similar histology: bone and cartilage erosions, and pannus 
formation 

Specific MHC association 
Immune-complex deposition within joint 

- Complement involvement 
Drug responsiveness 



Information from Johnson et al, 1986; Griffiths, 1992; Griffiths et al, 1992; Griffiths et 
al, 1995; Yoshino, 1996; Goodfellow et al, 1997; Myers et al, 1997; Williams, 1998; 
Bendele et al, 1999; Joe et al., 1999; Linton & Morgan, 1999; Goodfellow et al, 2000; van 
den Berg, 2000; Mizuno et al, 2000. 



Methods : 

Female Wistar rats (225-275g) were obtained from the CABH (Pinjarra Hills, The 
University of Queensland). Methylated bovine serum albumin (mBSA; Sigma, USA) was 
suspended in Freund's complete adjuvant (Sigma, USA) at the concentration of 1 mg/mL 
and sonicated for 10 min to ensure homogeneity. Rats were sensitised to the mBSA by the 
subcutaneous injection of 0.5 mL of this solution into the hind flanks 2 and 3 weeks prior to 
challenge (Days -21 and -14). Two weeks after the second injection (Day 0), rats were 
anaesthetised with ketamine (80 mg/kg i.p.) and xylazine (12 mg/kg i.p.) and both hind legs 
shaved. A homogenous suspension of 0.5 mg mBSA in 100 fiL saline was aseptically 
injected into the joint space of the right knee, with the contra-lateral left knee receiving 100 
fiL saline alone. Sham-operated rats received 100 /zL saline in both the left and right knees. 
Rats were then allowed to recover after being placed in separate cages. In the first study, 
rats were examined for 14 or 28 days after mBSA injection (Day +14 or +28) before being 
euthanased under anaesthesia prior to sample collection. In the second study, on Day 28 
rats were re-anaesthetised with ketamine (80 mg/kg i.p.) and xylazine (12 mg/kg i.p.) and 
0.5 mg mBSA in 100 (ih saline was again aseptically injected into right knee joint space, 
with the contra-lateral left knee receiving 100 jxh saline. These rats were examined for a 
further 21 days (Day +49) before sample collection following euthanasia under anaesthesia. 

The body weight of rats in the 28-day study was measured periodically throughout 
the experiment. Results are expressed as the change in body weight following mBSA 
challenge on Day 0. 

Right and left knee swelling were quantitatively assessed at various time points 
during the study period by measuring the medial-lateral width across the joint of 



constrained rats with vernier calipers. Results are expressed as the change in left or right 
knee swelling following mBSA challenge on Day 0, or as a change from Day 4 for rats 
treated from Day 4-28 with the C5a receptor antagonist. 

The appearance of each rat's gait was also scored during the study on a scale of 0-4 
as described below. 



Score Description 

0 No limp, full weight-bearing on hind right leg. 

1 Mild limp. 

2 Moderate limp. 

3 Severe limp. 

4 No weight-bearing on hind right leg. 



At the completion of the 14 and 28-day study, the left and right knee joints of rats 
were lavaged with 100 /iL saline. The number of total cells in this lavage fluid was then 
determined using a haemocytometer. Differential cell counts were then performed on air- 
dried glass smears of lavage samples stained with Wright's stain (Sigma, USA). Red blood 
cells were excluded from the cell counts and the total number of macrophages, PMNs and 
lymphocytes was expressed as the number of cells/mL lavage fluid. 

Levels of TNF-a were measured in the serum and intra-articular knee lavage 
samples collected from rats at the completion of the study. An enzyme-linked 
immunoabsorbant assay (ELISA) antibody set (OptEIA, Pharmingen, USA) was used 
according to manufacturer's instructions to measure these TNF-a levels. A 96-well round- 
bottomed immunosorbant plate (Nunc Maxisorb, USA) was coated with 100 pL rabbit anti- 
rat TNF-a antibody (capture antibody) diluted 1:200 with coating buffer (0,1 M carbonate, 



pH 9.5) and incubated overnight at 4°C. The plate was then washed 3 times with phosphate 
buffered saline (PBS) containing 0.05% Tween-20 (PBS-Tween) and 200 fiL of PBS with 
10% fetal calf serum added to each well Following a 1 hour incubation period, the plate 
was washed 5 times with PBS-Tween and 100 fit samples added in duplicate. Recombinant 
rat TNF-a was diluted from 4000 ng/ml to 30 pg/ml and added in duplicate to each plate to 
serve as a standard curve. The plate was then incubated for a further 2 hours at 37°C 
followed by 5 washes in PBS-Tween. Diluted biotinylated anti-rat THF-a monoclonal 
antibody (detection antibody, 100jaL) was then added to each well and the plate incubated 
at RT for 1 hour. The plate was then washed 5 times with PBS-Tween and 100 /iL of 
avidin-horseradish peroxidase conjugate (enzyme reagent) added to each well. After a 30 
min incubation period at RT, the plate was washed 7 times with PBS-Tween and 100 (iL of 
substrate (tetramethylbenzidine) added to each well. Colour was allowed to develop in the 
dark over 30 min followed by addition of 50 pL of 0.5 M H 2 S0 4 (stop solution). 
Absoibance was read at 450 nm and concentrations of TNF-os determined by linear 
regression analysis from the standard curve. Serum and intra-articular fluids obtained as 
described in previous sections were stored at -20°C and samples were analyzed within 2 
weeks of collection. Results are expressed as ng/g tissue. 

After the completion of each study and following the lavaging of knees, the knee 
joints from every rat were dissected out and then stored in 10% buffered formalin for at 
least 10 days. Knee samples were then decalcified in a saturated solution of 
ethylenediaminetetraacetic acid (EDTA) for 21 days. They were then embedded in paraffin 
wax and sections were cut, mounted and stained using a haematoxylin and eosin stain. Each 



section was then scored by Dr. Ian Shiels in a blinded fashion and scored for the level of 
joint damage in a scale from 0-4 as described below. 
Score Description 

0 No abnormalities. 

1 Mild inflammatory cell infiltration in the synovial membrane with no 
significant thickening of the membrane or cartilage erosion. 

2 Extensive inflammatory cell infiltration and mild thickening of the synovial 
membrane. 

3 Extensive inflammatory cell infiltration and synovitis, thickening and 
fibrosis of the joint capsule and cartilage involvement without erosions. 

4 Extensive inflammatory cell infiltration and synovitis, significant thickening 
and fibrosis of the joint capsule and involvement of the articular cartilage 
with erosions. 

Representative histological sections of each of these scores are shown in Figure 2.1 
under 40 x magnification. 

A 14- and 28-day (single antigen injection) or 49-day (two antigen injections) study 
period were used to examine the therapeutic effects of the C5a antagonist on mBSA- 
induced monoarticular arthritis. The following groups of rats were used in the 14-day study: 
sham-operated (baseline controls), untreated (arthritis controls), C5a antagonist-pre-treated 
(1 mg/kg/day), C5a antagonist-post-treated (1 mg/kg/day), and ibuprofen-post-treated (30 
mg/kg/day). The following groups of rats were used in the 28-day study: sham-operated 
(baseline controls), untreated (arthritis controls), C5a antagonist-pre-treated (1 and 0.3 
mg/kg/day), ibuprofen-pre-treated (30 mg/kg/day), C5a antagonist (1 mg/kg/day) and 



ibuprofen (30 mg/kg/day)-pre-treated combination, and C5a antagonist-post-treated (3 
mg/kg/day). Rats that were pre-treated received drug treatment 2 days prior to arthritis 
induction (Day -2) and then daily throughout the study. Rats that were post-treated 
received drug treatment 4 days after the induction of arthritis (Day +4) and then daily 
throughout the study. In the 49-day study, a further 2 groups were examined: untreated rats, 
and C5a antagonist-pre-treated rats (1 mg/kg/day). In both studies, various parameters were 
measured in each group at regular intervals over the course of the study. 

Results : 

14-day study. Measurements of the saline-injected left knee of each rat did not 
significantly change from pre-injection values during the course of each experiment (data 
not shown). Following the injection of mBSA at Day 0 in drug-free sensitized rats, the 
average increase in the width of the right knee peaked at Day +3 (+4.69 ± 0.32 mm, n = 11; 
Figure 1A). Rats which had been pretreated from Day -2 with AcF-[OPdChaWR] (1 
mg/kg/day), had significantly reduced right knee widths from Days +2-14 (peak at Day +3: 
+2.08 ± 0.59 mm, n = 9; P < 0.05) compared to drag-free arthritic knees (Figure 1A). Gait 
scores in drug-free arthritic rats also increased above baseline levels following induction of 
arthritis (Figure IB). Pretreatment with the C5a antagonist significantly decreased these 
scores from Days +2-14 (P < 0.05). There was a high correlation between gait scores and 
knee swelling in drug-free arthritic rats for all 3 experimental trials (14 day trial: r 2 - 0.83, 
n = 7; 28 day trial: r 2 = 0.96, n = 11; 49 day trial: r 2 = 0.84, n = 17) for Days +2 to 
completion of study. 



In a separate study, the effects of the C5a antagonist or ibuprofen on knee swelling 
and gait scores following the establishment of arthritis were examined. Rats treated with 
either AcF-[OPdChaWR] (t mg/kg/day) or ibuprofen (30 mg/kg/day) from Days +2-14, 
had significantly reduced knee swelling (Days +3-14) and gait scores (Days +4-14) 
compared to arthritic rats which received no drug treatment (P < 0.05; Figure 1C/D). 

In the initial 14-day study, TNFa and IL-6 levels were found to be elevated in the 
right knee lavage fluid on Day 14, as were TNFa levels in the serum of drug-free arthritic 
rats (Figure 2A/B). Rats pretreated with the C5a antagonist had significantly lower levels of 
these cytokines (P < 0.05; Figure 2A/B) in the joint and serum at Day 14. The majority 
(>90%) of cells recovered from the right knee lavage fluid at Day 14 were PMNs. 
Significantly fewer PMNs were found in the lavage fluid of rats treated with AcF- 
[OPdChaWR] or ibuprofen throughout the study, or in rats treated with the C5a antagonist 
from Day +2, compared to drug-free arthritic rats (P < 0.05; Figure 2C). 

The saline-injected left knees of all rats in every study showed no histological 
abnormalities (Figure 3A) and all were scored 0 (data not shown). Sections from the right 
knees of drug-free arthritic rats on Day 14 had marked cellular infiltration, which were 
predominantly neutrophils, and mild synovial cell proliferation, with an average 
histopathology score of 3.2 ± 0.3 (n = 16, Figure 2D). Histological sections from rats 
pretreated with AcF-[OPdChaWR] had a lesser degree of cellular infiltration and synovial 
proliferation, resulting in a significantly lower histopathological score of 1 .4 ± 0.5 (n = 8; P 
< 0.05; Figures 2D). Histological sections from rats post-treated with the C5a antagonist, 2 
days after the induction of arthritis, also had a lower degree of cellular infiltration and 
synovial proliferation compared to drug-free arthritic rats, although to a lesser extent than 



rats pretreated at Day -2 with the C5a antagonist. The mean histopathological scores from 
these post-treated rats was 2.2 ± 0.4 which was significantly lower than drug-free arthritic 
rats (n = 8; P < 0.05; Figure 2D). In contrast, histological sections from rats treated with 
ibuprofen (30 mg/kg/day) from Days +2-14, had no change in histological parameters 
compared to drug-free arthritic rats (score of 3.5 ± 0.3; n = 6; Figures 2D). 

28-day study. Following arthritis induction, right knee widths of drug-free arthritic 
rats rapidly increased above baseline to peak at Day +3 (+4.98 ± 0.39 mm above baseline; n 
- 14) and slowly decreased to +0.51 ± 0.21 mm at Day 28 (Figure 3A). Rats pretreated 
with AcF-[OPdChaWR] (1 mg/kg/day) from Day -2, had significantly lower right knee 
widths from Days +1-28 (peak at Day +3: +2.66 ± 0.52 mm, n = 12; P < 0.05; Figure 3A). 
Rats pretreated with AcF-[OPdChaWR] at 0.3 mg/kg/day, also had significantly lower right 
knee widths from Days +2-15 (P < 0.05; Figure 3A). Rats pretreated with ibuprofen (30 
mg/kg/day) had significantly decreased knee widths from Days +2-8 only (peak at Day +3: 
+2.30 ± 0.30 mm; n = 11; P < 0.05; Figure 3A). Rats receiving a combination of the C5a 
antagonist (1 mg/kg/day) and ibuprofen (30 mg/kg/day) from Day -2, had a significant 
reduction in right knee widths from Days +1-28 (peak at Day +3: +2.19 ± 0.06mm, n = 12; 
P < 0.05; Figure 3 A), which was comparable to rats receiving the C5a antagonist alone. 
Gait scores in rats pretreated with either the C5a antagonist, ibuprofen or the combination 
of both were significantly reduced compared to drug-free arthritic rats from Days +1-12 (P 
< 0.05; Figure 3B). 

In the 14-day studies, which were performed first in the series of studies reported 
here, the C5a antagonist was administered at 1 mg/kg/day both as a preventative (Days -2- 
14) and reversal (Days +2-14) therapy. It was noted that rats treated with the antagonist at 



this dose from Day +2 had less improvement in histopathologic^ scores compared to rats 
treated from Day -2 (Figure 2D). In the following 28-day reversal studies, a higher dose of 
C5a antagonist (3 mg/kg/day) was used to determine if this might be a more effective 
reversal dose regimen. It was found that rats that were treated with this dosage regime had 
significantly improved right knee widths (Days +5-28) and gait scores (Days +5-12) 
compared to drug-free arthritic rats (P < 0.05; Figure 3C/D). 

In all rats in the 28-day studies, there were no detectable levels of TNFa, either in 
the serum or in the knee lavage fluid, at Day 28. The vast majority (>95%) of cells 
recovered in the lavage fluid of the right knees of rats were macrophages. Drug-free 
arthritic rats had an average of 46.5 ± 12.3 x 104 macrophages/mL lavage fluid (n = 10; 
Figure 5A), an ~20-fold increase over saline-injected left knees. Rats pretreated with AcF- 
[OPdChaWR], ibuprofen or a combination of both, or rats treated from Day +4 with the 
C5a antagonist alone, had significantly lower numbers of macrophages in the right knee 
lavage fluid (Figure 4A). 

Right knee histology from arthritic drug-free rats had varying degrees of synovial 
cell proliferation and cellular infiltration, and these were scored overall with an average of 
2.9 ± 0.3 (n = 16; Figure 4B). Sections from rats either pretreated with C5a antagonist (1 
mg/kg/day) or treated from Day +4 (3 mg/kg/day), had an equal reduction in severity of 
lesions compared to drug-free arthritic rats, with significantly decreased scores of 1.0 ± 0.4 
and 1.1 ± 0.5, respectively (n = 12 in each group; P < 0.05; Figure 4B). Conversely, rats 
pretreated with ibuprofen (30 mg/kg/day) had no improvement of right knee pathology, 
with an average score of 2.9 ± 0.3 (n = 6; Figure 4B). Rats pretreated with a combination of 
the C5a antagonist and ibuprofen also had a significant reduction in histopathological 



scores, which was similar to that of rats treated with only the C5a antagonist (n - 12; 
Figure 4B). 

49-day study. In drug-free rats following the first injection of mBSA at Day 0, the 
right knee increased in width with a peak swelling above baseline of +5.27 ± 0.56 mm (n = 
6) on Day +3. Following the second injection of mBSA on Day 28, the increase in the 
width of the right knee was similar in magnitude to the first challenge, with a peak of +4.47 
± 0.60 mm above pre-injection values, 1 day after the second injection (Figure 5A). Rats 
pretreated with AcF-[OPdChaWR] at 1 mg/kg/day had significantly lower right knee 
widths compared to drug-free rats, from Days +1-49 with peaks of +2.87 ± 0.51 (Day 3) 
and +2.64 ± 0.37 mm (Day 29) for the first and second injection, respectively (n = 6; P < 
0.05; Figure 5A). Gait scores increased in drug-free arthritic rats with the deterioration in 
gait proportional to right knee widths, with maximum gait scores following both the first 
and second injection (Figure 5B). C5a antagonist-dosed rats had significantly improved gait 
scores from Days +2-16 and +30-44 (P < 0.05; Figure 5B). 

Examination of right knee sections from 49-day arthritic drug-free rats showed a 
more severe pathology than was seen in the other studies involving single intra-articular 
injection of antigen and more limited experimental time spans. All antigen-injected right 
knees in drug-free rats had marked inflammatory cell infiltration and severe synovial 
proliferation and fibrosis. Additionally, cartilage erosion was observed in all sections from 
challenged right knees, resulting in the average histopathological score of 3.9 ± 0.1 (n = 6, 
Figure 5C). Sections of right knees from rats which had been pretreated with AcF- 
[OPdChaWR] (1 mg/kg/day) from Days -2 onwards, had decreased pathology compared to 
drug-free arthritic rats, with a significantly improved score of 1.7 ± 0.7 (n = 6; Figure 5C). 
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1. INTRODUCTION 

This guidance is intended to assist developers of drugs, bioiogicai products, and medical devices intend 
for the treatment of rheumatoid arthritis (RA). The document discusses the types of label claims that car 
considered for such products and provides guidance on the clinical development programs to support th 
claims. 

The central purpose of label claims is to inform preservers and patients about the documented benefit 
a product. Because RA is a chronic, symptomatic disease that can result in a variety of outcomes with 
different chronologies, severities, and overall patient effects, any number of different clinical outcomes c 
provide the basts for a label claim. 

Relief of symptoms the C signs and symptoms claim C is a central therapeutic effect of most RA 
therapeutics marketed circa 1997. The claim structure proposed in this document, however, incorporate 
wider range of patient outcomes than previously allowable RA claims. As a result, guidance is provided 
demonstrating patient benefit of greater magnitude than is needed for a claim of symptomatic relief. For 
example, the claims major clinical response, complete clinical response, and remission (the same criteii 
complete clinical response while off ail antirheumatic drugs) reflect enhanced effects on the signs and 
symptoms of disease. The claim prevention of structural damage is documented by various radiographic 
techniques. The claim prevention of disability \s intended to reflect longer term benefits on disease coun 
The claims and clinical development programs discussed in this draft guidance for industry represent th 
current views of Agency rheumatologists about achievable and clinically relevant overall outcomes that 
be evaluated in clinical trials. 

Traditionally, RA therapeutics have been categorized as disease modifying antirheumatic drugs (DMAR 
or as nonsteroidal antiinflammatory drugs (NSAIDs). As a result of the ongoing search for more effectiv 
therapeutics that have a positive impact on the natural history of the disease, promising new therapies s 
currently being tested in the clinic. Many of the novel agents under study for the treatment of RA defy 
categorization by putative mechanism of action. As a result, the usefulness of classifying them in the 
traditional manner may be limited. For this reason, information being provided in labeling about the onsc 
and duration of action and the durability of response of therapeutic interventions is intended to reflect th 
data that were gathered in clinical trials. Because of this, some of the claims described in this document 
incorporate response duration times within their structure. 

Over the past decade, there has been a search for better measures to describe patient outcomes in RA 
clinical trials. A number of organizations, including the European League Against Rheumatism, the 
International League Against Rheumatism, the American College of Rheumatology (ACR), and the Out( 
Measures in Rheumatoid Arthritis Clinical Trials (OMERACT) group, have attempted to define core grot 
of measures, as well as composite indices, that describe patient outcomes. As a result of these efforts, 
several new measures have been described and validated with clinical data. With the hope that these 
measures will provide more useful information about patient outcomes, this document provides guidanc 
about the use of these new measures in clinical trials to support label claims. 

One outcome measure that is not fully relied upon as a stand-alone claim is general health-related qualt 
life (HR-QOL). Since RA affects so many domains of a patient's life, it is hoped that such HR-QOL mea; 
may provide an integrated assessment of the long-term impact of intervention. However, not enough 
information is available on the performance of general HR-QOL measures in longer term arthritis trials. " 
incorporation of such measures in planned trials is encouraged. 

Table of Contents 



II. NEW CLAIMS FOR THE TREATMENT OF RA 

A number of new claims are now being evaluated in clinical trials during drug development. Description* 
the claims and acceptable outcome measures to support each claim are discussed in the following secti 

A. Reduction in the Signs and Symptoms of RA 
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This claim is intended to reflect the demonstration of symptomatic benefit or benefits that include 
improvement in signs of disease activity as well as symptoms. Reduction in signs and s ymptoms 
ordinarily be the initial claim granted for marketing approval Ordinarily, this claim is established t 
trials of at least six months' duration, unless the product belongs to an already well^haractenzed 
pharmacologic class (e.g., NSAIDs) for which trials of three months' duration are sufficient to 
establish efficacy for signs and symptoms. Six-month trials are desirable for several reasons Fir 
RA is a disease of long duration. Interventions that provide only short-term, time-limited benefit a 
unlikely to have overall value to patients. In addition, products with the potential to elicit antibody 
formation should be assessed for durability, since antibodies may block effectiveness. In evaluati 
signs and symptoms, methods that evaluate response over time are preferable to methods that 
incorporate only the baseline value and the final observation, unless there is a reason to weight 
symptoms at the last visit more than intermediary symptoms. Acceptable outcome measures thai 
would support claim A include: 

1 . Validated composite endpoints or indices of signs and symptoms 

These composites may be used to construct categorical endpoints for patient success or 
failure. For example, the Paulus criteria (1990) or the ACR definition of improvement (ACF 
2 could be used to assess a patient's response. 

Illustration- Success for each patient in a six-month trial could be defined as meeting the 
criteria for improvement over baseline in at least four of six monthly observations and not 
dropping out because of toxicity 

2. Well-accepted sets of signs/symptoms measures 

The four measures previously recommended in the 1988 CDER Guideline for the Clinical 
Evaluation of Anti-Inflammatory and Antirheumatic Drugs (FDA 1988) C joint counts: pain, 
tenderness, and swelling and global assessments: physician and patient C or the ACR coi 
set are examples of well-accepted sets of signs and symptoms measures. The criteria for 
success and the methods for statistical analysis should be prospectively defined and agree 
upon. For example, historically, in using joint counts and global assessments, a statistical! 
significant difference between the control and the treatment group in change from baseliru 
at least three of the four measures has been used as the criterion for a successful trial. 
However, as stated above, comparison of only the baseline and last observation may not I 
the best way to construct the analysis since this method leaves out all intervening efficacy 
observations. 

For both the above measures, using 66 or 28 joint count is appropriate (Smolen 1995). 



B. Major Clinical Response 

This claim is intended to reflect the demonstration of a continuous six-month period of success b; 
"ACR 70," which is defined entirely parallel to the ACR 20, except 70 percent improvement, rathe 
than 20 percent, is needed for the component assessed. This claim is based on statistically signr 
improvement in response rates by the continuous six-month ACR 70 definition compared to 
background therapy in a randomized control group. For reference, the number of patients satisfyi 
various definitions of ACR responses from ACR 20 to ACR 70 in two historic databases are giver 
Appendix A of this document. Trial duration should be a minimum of seven months for an agent 
expected to have a rapid onset of action and longer for agents with less prompt effects. 



C. Complete Clinical Response 

This claim is intended to describe a therapeutic benefit of greater magnitude than the major clinic 
response claim. Complete clinical response and remission (see below) are identically defined as 
continuous six-month period of both remission by ACR criteria and radiographic arrest (no 
radiographic progression [Larsen 1977] or modified Sharp methods [1985]). Complete clinical 
response connotes a benefit requiring ongoing drug therapy; remission is defined by the same re 
while off all antirheumatic drugs. The 1981 ACR remission criteria (Pinals 1981) require at least f 
of the following: morning stiffness less than 15 minutes, no fatigue, no joint pain by history, no joi 
tenderness or pain on motion, no swelling of joints or tendon sheaths, and erythrocyte sedimenta 
rate (ESR) less than 20 for males or less than 30 for females. The duration of trials designed to 
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support this claim will vary depending upon the rate of onset of effect of the test product For all b 
the most rapid-onset agents, trials of one year's duration should be planned. Longer trials may bt 
needed for very slow-acting agents. Trials evaluating complete clinical response would use a 
categorical endpoint (patient complete response or treatment failure) as the pnmary outcome 
measure. 



D. Remission 

This claim is defined as both remission byACR criteria and radiographic arrest (no radiographic 
progression by Larsen or modified Sharp method) over a continuous six-month period while off a 
antirheumatic therapy. Remission is not intended to imply cure, and a remission claim could be 
granted even if patients relapse after six months or more of remission. The duration of trials desij 
to support a remission claim will vary, depending upon the rate of onset of effect of the test prodi 
Ordinarily such trials should be at least one year in duration, and longer tnals may be needed for 
slow-acting agents. 



E. Prevention of Disability 



This claim is intended to encourage long-term trials in RA. Currently, the Health Assessment 
Questionnaire (HAQ) (Fries 1982) and the Arthritis Impact Measure Scales (AIMS) (Meenan 198: 
are adequately validated measures for use as the primary outcome measure in these trials. Studi 
should be two to five years in duration. Sponsors seeking this claim should plan to have 
demonstrated previously or to demonstrate concomitantly, improvement in signs and symptoms. 
Since the full effect of RA on a patient is not captured without the use of more general HR-QOL 
measures, a validated measure such as the SF-36 should also be collected and patients should i 
worsen on these measures over the duration of the trial. 



F. Prevention of Structural Damage 

Prevention of structural damage is an important goal of RA therapy. Trials evaluating this outcom 
should be at least one year in duration. 

The following are examples of outcome measures that could be used to support prevention of 
structural damage claims. 

1 . Slowing X-ray progression, using either the Larsen, the modified Sharp, or another validat 
radiographic index 

Radiographic claims should be based on comparisons of films taken at one year (and 
subsequent yearly points) with those taken at baseline. All randomized patients should ha 
films at both time points, regardless of whether they are continuing treatment. Patients 
dropping out of the trial should have films taken at that time. Prespecification of the handlii 
dropouts is especially important in these trials. 

2. Prevention of new X-ray erosions C maintaining an erosion-free state or preventing new 
erosions 

Trials evaluating this claim would ordinarily use a categorical endpoint to assign a status c 
progression or nonprogression to each patient, comparing the final state to the baseline st 



3. Other measurement tools (e.g., MRI) 



Other measures, such as MRI (magnetic resonance imaging) or ultrasonography, could be 
employed. However, because of the technique's potential for identifying small, albeit 
statistically significant changes, the magnitude of the difference that would reflect actual 
patient benefit is unclear and needs to be established. 

Because slowing of radiographic progression does not in itself define a patient benefit, it is expec 
that the claim of prevention of structural damage would be submitted for an agent that has been 
shown (previously or concomitantly) to be effective for one of the other claims (e.g., prevention oi 
disability). However, some agents are not intended to affect acute inflammation, but are designee 
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orevent or slow joint destruction by other means. The first indication that such an agent is clinical 
u3mta be stowin? of radiographic progression. Nevertheless, the uWmate goals of slowing] 
dSS ^a^to improve symptoms and to preserve functional ability Therefore Rowing 
radiographic progression of disease is considered a surrogate marker for overall patent benefit ir 

Under 21 CFR 314. subpart Hand 21 CFR601 subpart E, FDA can approve |drugs >^j* to* 
serious and life-threater!ing diseases based on an effect on a surrogate marker *J.«J 
criteria are met and that there is a commitment to define the actual clinical benefit of the agent in 
sSdies coTpSted after marketing. A demonstration of significant slowing o Tr*W*KjW" 
in a seriously affected population of RA patients would qualify for consideration under these 
reguSns Sponsors are urged to consult with the relevant FDA staff before embarking on a cl.r 
program based on these regulations. 

One example of a significant effect on radiographic progression might be the demonstration, in a 
randomized controlled trial, of maintenance of an erosion-free state in a large majonty of treated 
patients when control patients develop multiple erosions. The methods of measurement of the 
nSiographic finding, the magnitude of change considered to be clinical y significant (whettjer a b; 
SieKSure or treatment group means), and the methods of statistical analysis should be 
prospectively defined in the clinical protocol, and the sponsor should seek A 9 en< * ^J] 0 ^ 
the plan for evaluating efficacy. The use of the accelerated approval pathway would necessitate 
timely completion of phase 4 studies using acceptable clinical endpoints ev aluatinjr signs an d 
symptoms or prevention of disability. It is anticipated that these investigations would be extensior 
the one-year studies used for the accelerated approval. 
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III. CONSIDERATIONS IN RA PRODUCT DEVELOPMENT 



The following information on preclinical and early clinical product development pertains primarily to 
pharmaceuticals (drugs and biologies). Except in the first two sections, the general pnnciples outlined b. 
also apply to devices. For information specific to the development of devices, refer to the section in this 
document entitled "Special Considerations for Medical Devices." Developers of products that combine 
therapeutic modalities (e.g.. biologies and devices) may request assistance from FDA in <jmating a h 
center for review of the product. Such requests should be submitted to: Office of the Chief Mediator and 
Ombudsman (HF-7), Food and Drug Administration, 5600 Fishers Lane, Rockville, MD 20857. 



Frequent encountered issues in RA product development include: 

1 . Selecting appropriate in vitro (animal or human systems) and in vivo animal models for screening 
potentially active agents. 

2. Designing and performing appropriate preclinical safety studies to support the use of a new mole 
entity in human volunteers or patients. 

3 Balancing the potential need for therapeutic intervention early in the disease course with the ne© 
avoid exposing patients with mild disease to agents that have toxicities or little record of safety. 

4. Identifying the potential risks associated with combination therapies, particularly those with share 
target organ toxicity or potential for pharmacokinetic interactions. 

5. Designing adequate and practical long-term safety monitoring. 

6. Designing trials that definitively show clinical efficacy. 
The following sections discuss approaches to the above issues. 

A. Preclinical Considerations 

This section focuses on preclinical issues that are specific to the clinical development of 
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antirheumatic therapies. In designing toxicity studies and the timing of such studies, «nw^on 
the Agency is recommended concerning the current recommendations and f ,dan <*^ 
drugs, devices, and biological products. Guidance on predinllcal safety testing, *^J^» ' 
for and design of toxicokinetic, reproductive toxicity, genotoxicity, and carcmogenicity studies has 
been developed by the International Conference on the Harmonization (ICH) of Technical 
Requirements for Pharmaceuticals. Because biologies can pose unique challenges in anima stu< 
design (for example, species-specific binding or immunogenic^ of human proteins in animals), a 
specific ICH document is available that addresses the safety evaluation of biotechnology-derived 
pharmaceuticals (ICH S6 1997) . a 

1 . Pharmacokinetics 

Animal studies of drug absorption, distribution, metabolism, and excretion are important di 
the early investigational new drug (IND) phase to aid in toxicity study interpretation, but ne 
not all be completed prior to phase 1. Generally, for initial studies in humans, determining 
pharmacokinetic (PK) parameters, such as area under the curve (AUC), maximum 
concentration (C^ ), and half-life (t 1/2 ) in animals, is sufficient to provide a basis for predi< 

safe clinical exposure. 

In the past, preclinical testing of combinations of drugs (or biologies) to be used in patients 
RA has not often been done prior to the initial clinical trials. However, given the variety of 
drugs, including NSAIDs, analgesics, corticosteroids, and DMARDs currently used to treat 
patients, it would be useful to consider this testing of common combinations both preclinic 
and clinically. In addition, to evaluate potential interactions, information on the impact of 
concomitant therapies on pharmacokinetics may be needed to optimize dosing regimens ? 
to identity potential safety concerns. Metabolic interactions often may be assessed in an ir 
vitro system using animal or human liver slices, microsomal preparations, or purified P450 
enzymes (FDA 1997). 

Interactions may also result from the presence of individual- or disease-specific factors, st 
as rheumatoid factor, which may bind to various monoclonal antibody therapeutics; in sucl 
cases in vitro binding studies that identify patients with high titers may be useful in identify 
patients who may exhibit unique pharmacokinetics or patterns of clinical response. 

2. Biological activity 

The biological activity of a potential antirheumatic therapy should be established using mu 
preclinical model systems (i.e., in vitro, in vivo, ex vivo). In vitro screens can use cells or 
tissues derived from animal or human sources and are generally used to select candidate 
drugs that have a desired effect on a molecular target. Such assays can also be used to 
devise appropriate bioassays for the selected agent. Animals, either healthy, with rheumal 
disease (spontaneous or induced), or genetically modified, are subsequently used to 
determine whether the biological effect can be demonstrated in vivo. While the in vivo sysl 
used should mimic one or more aspects of rheumatoid arthritis or its etiology, it is expecte 
that each animal model will have limitations. 

a. In vitro 

Data from in vitro studies can be useful in defining the potential mechanism of actio 
a drug or biologic and for determining relevance of a particular animal species for ir 
assessment of activity or safety. These data are especially useful if a potential sum 
marker can be identified in preclinical studies. For example, if the product is intend* 
affect the CD4 receptor on lymphocytes, this receptor can be used as a surrogate 
marker for both activity and certain toxicities. 

Several in vitro tests could be used, depending on the mechanism of action of the c 
or biologic. For example, binding assays may be useful for developing receptor 
antagonists or monoclonal antibodies. In vitro functional assays (e.g., platelet and 
neutrophil aggregation) may be useful tests for identifying inhibitors of inflammatory 
mediators. Enzymatic assays (e.g., in vitro or ex vivo inhibition of cyclooxygenase, 
lipoxygenase, and phospholipase) may also be useful for determining selectivity for 
inhibition of isozymes. 
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b In vivo Selection of animal models should be made on the basis of pharmacodynan 
(PD) responses, similarity of animal disease etiology to clinical disease, and/or to d 
mechanism-based toxicity, ideally, products that are targeted for a subset of arthnti 
patients should be developed in an experimental model(s) that is most relevant to tl 
subset. For example, rats are not sensitive to drugs that inhibit 5-lipoxygenase. 
Therefore, mouse or rabbit models are more relevant to evaluate the anti-inflammai 
activity of leukotriene inhibitors. 

The development of rheumatic disease models to allow screening for potential RA candid* 
drugs is encouraged. The following examples are meant only to illustrate some models in 
current use and are not intended to suggest excluding the use of others. 

Collagen-Induced arthritis (CIA): 

Collagen-inducted arthritis is often considered to be a suitable model for studying potentia 
drugs or biologies active in human rheumatoid arthritis because of the involvement of loca 
major histocompatibility, complete class ll-restricted T helper cell activation, and the simila 
of histopathological lesions. Radiographs of joints affected by CIA often show erosive chai 
similar to those seen in human rheumatoid arthritis. The progressive arthritis often results 
RA-like joint deformity and dysfunction. Anticollagen antibodies, which occur in some patie 
with RA, develop in the CIA model. 

The CIA model has been useful for assessing immunosuppressants and steroid hormones 
well as inhibitors of inflammatory mediators. Since this model can be induced in several at 
species, it may be especially useful for evaluating drugs that are species-specific (e.g., 
leukotriene antagonists and 5-lipoxygenase inhibitors). In addition, although functional tes* 
are not routinely used in this model, incorporation of measures of mobility and joint functio 
may enhance the predictive value of the model. 

Naturally occurring arthritis or autoimmune response: 

MRL/lpr mice, Biozzi H mice and DBA/1 mice have been used to examine the onset of dru 
induced tolerance and immunosuppressant drug effects on autoimmunity. The MRUIpr mc 
model has been useful for evaluating immunosuppressants and hormones. 

Rat canageenin-induced acute model of inflammation: 

This model has been useful in assessing anti-inflammatory activity of cyclooxygenase 
inhibitors. Most of the animal models that involve inflammation in the paw may be used for 
measuring antiphlogistic action of a drug. 

Adjuvant-induced arthritis in rats (AA): 

AA in rats has been frequently used for screening nonsteroidal anti-inflammatory drugs an 
inhibitors of inflammatory cytokines as well as antimetabolite-like immunosuppressants. 

Streptococcal cell wall-induced arthritis: 

This model has been used for developing cytokine inhibitors. 

Experimental organ transplant in animals: 

This model has been used to identify the activity of immunosuppressants and antimetaboli 
particularly those directed at cytolytic cellular immune processes. 

Transgenic animal models: 

A number of transgenic animal models are being developed for the study of rheumatoid 
arthritis and may prove useful over the next decade. Some examples include transgenic rr 
that carry genes for the env-Px region of the human T cell leukemia virus type I genome, 
human TNF t CD4, and HLA B-27. 
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3. Toxicology 

Preclinical toxicology studies of a drug or biological product are designed to characterize 
general and specific toxicity using dosing routes and regimens as similar as possible to th« 
proposed clinical trials with consideration of the demographics and disease status of the 
intended patient population. For instance, the prevalence of RA is high in females. There* 
reproductive toxicity studies should be completed eariy in clinical development to support \ 
inclusion of women of childbearing age in early phases of clinical trials. The need for 
reproductive studies for biological products is likely to be case-specific due to complicate 
arising from immunogenic^ and species selectivity. Therefore, standardized study design 
such as those recommended in the ICH reproductive toxicology guidance, may not befea 
or clinically relevant for biologies (ICH S5 1994). The need, and specific designs, for these 
studies may be discussed with Agency review staff. 

Immunomodulatory or immunosuppressive agents administered to RA patients as 
monotherapy or in combination raise concerns about the adverse effects of prolonged 
immunosuppression. For example, malignancies (i.e., lymphomas) are a known risk of Ion 
term nonselective immunosuppression used for treatment of graft recipients. Investigate 
drug-related opportunistic infections and mortality related to immunosuppression have 
occurred in RA patients. Sponsors are encouraged to identify and use animal models that 
assist in selecting drug candidates that selectively inhibit cells and processes responsible 
RA. 

Antirheumatic drugs are often used in combination in an attempt to improve outcomes anc 
minimize toxicities. However, drug interactions may result in increased toxicity, even at lov 
than previously evaluated doses of either agent. This concern is especially evident for age 
that have long half-lives or nonselective activity, or for drugs that share common target or£ 
toxicity Preclinical toxicity studies that evaluate the use of combined agents may be helpfi 
predicting clinical safety hazards. The duration of toxicity dosing of animals is usually linke 
patient dosing regimens. Development and validation of in vitro or whole animal models is 
encouraged to address concerns regarding short- or long-term toxicity and to identify surrc 
markers for patient immunocompetence. 



B. Pharmacokinetic/Pharmacodynamic Strategies 

In vivo pharmacokinetic studies should be used to evaluate drug disposition and metabolism, de$ 
of linearity and accumulation, dose proportionality, and, for oral dosage forms, food interactions ( 
1 992) Some of these data can be gathered in a single study designed to evaluate a number of 
parameters. During formulation development, bioequivalence studies linking formulations may be 
recommended. 

A particular concern with biological agents is the development of antibodies that may accelerate . 
clearance or alter its distribution, resulting in changes in therapeutic benefit overtime, orfollowirv 
repeated courses of treatment. To address this consideration, it is desirable for sponsors to build 
their repeat-dose clinical protocols a coordinated evaluation of drug levels, receptor saturation, 
antidrug antibodies, and clinical responses. Optimally, these assessments would be conducted a 
initiation of therapy and at several time points over the course of therapy. The presence of antidn 
antibodies and their role in altering drug exposure, clinical activity endpoints, or adverse events v 
be evaluated. The goal of an integrated analysis of these parameters is to provide data to guide < 
dosage or schedule changes to optimize therapeutic benefit The best time for conducting these 
pharmacokinetic studies is prior to phase 3, before commitments have been made regarding dos 
and schedule. 

Because polypharmacy is common during the treatment of rheumatic disorders, in vitro binding 
studies with blood from patients with active disease should be used as a preliminary screening tc 
for potential displacement reactions. 

For products that may interact with rheumatoid factors (e.g., monoclonal antibodies), the frequen 
patients with rheumatoid factor reactive to the antibody, as well as the effect of interactions on th- 
pharmacokinetics of the product, should be evaluated. 



C. Considerations in Phase 1 Trials 
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For general information on clinical development pertaining to most drugs and biological products, 
the ODER guidance General Considerations for the Clinical Evaluation of Drugs (FDA 1978). 

The term phase 1 has two connotations: one refers to the earliest, ftrst-time-into-humans trials, w 
the other encompasses studies of pharmacokinetics, metabolism, drug interactions, special 
populations, and the other clinical pharmacology trials as described above. It is expected that bol 
kinds of phase 1 trials ordinarily will be conducted during the clinical evaluation of therapies for R 
This section is primarily intended to discuss issues related to the first time people are exposed to 
drug (including to a particular dose level, combination, or duration of therapy). 



1 . Settings and investigators 

First-time-into-humans phase 1 studies should be carried out in institutions with a full rang 
clinical and laboratory facilities, and the patients should be kept under dose observation. I 
desirable that the trials be under the direction of physicians with experience in early drug 
development and rheumatology, or that a team of investigators combining experience in 
rheumatology and clinical pharmacology be employed. 

2. Subjects First-time-into-humans drug trials are frequently conducted in healthy volunteers. 
Such studies are predicated upon the ability to perform and to interpret the results of precl 
animal tests. If the preclinical testing does not reveal potential mutagenic or immune syste 
effects, or potentially serious effects at or near the expected therapeutic range, testing in 
volunteers may be initiated. However, for products that have potentially serious toxicities, i 
may be appropriate for initial testing to be performed in patients with some potential to ber 
This has created challenges in selecting an appropriate initial patient population. 

For products that have been tested in relevant preclinical toxicity evaluations and have be. 
found relatively safe (without the potential for mutagenic, immune system or other serious 
effects at the proposed doses), trials may be initiated in healthy volunteers. However, if 
significant effects have been demonstrated or might be possible, selection of an appropria 
patient population is necessary. It is recommended that patients meet the ACR criteria for 
diagnosis and activity of RA and be without other serious medical conditions. Patients with 
minima! disease are sometimes not appropriate for the same reasons that the testing is nc 
initiated in healthy volunteers. Patients with devastating RA may also not be the best starti 
population because of the medical complications of their disease. In addition, they may be 
likely to respond to therapy. 

There is ongoing epidemiologic work on identifying markers of increased risk in RA. These 
could be useful for identifying patients with poor prognoses, who might be considered for \ 
aggressive treatments of potential high toxicity (e.g. ( immunoablative therapies followed b) 
stem cell transplants). Application of epidemiologic studies may allow a very aggressive 
treatment to be restricted to a subset of RA patients who have a demonstrated shortened 
span due to their disease (e.g., subjects with greater than 30 affected joints or a HAQ scoi 
with fewer than 75 percent of questions answered "without difficulty"). 

When the characteristics of the agent suggest that it may potentially have long-term gonac 
effects, it is desirable that men and women not wishing to parent children be chosen for pi 
1 studies. 



3. Trial design 

Ordinarily, initial phase 1 studies are sequential dose escalation trials, in which safety and 
tolerance at a specific dose is established before exposing additional subjects to a higher 
dose. A single dose is almost always tested first, followed by repeated dose studies; howe 
this design is influenced by the type of agent used. Although escalating the dosage to a cl< 
determined maximum-tolerated-dose (MTD) will aid future trial design, in some instances i 
not medically prudent to try to fully characterize the MTD. Additionally, for some products, 
MTD may be indefinable. 



The starting dose chosen is often a no-adverse-effect dose (determined by interspecies 
milligrams (mg)/meter square/day dose conversion from animal to human). For biologies, t 
initial dose chosen is often one thought to have no adverse biological effect, with caution 
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regarding the possibility of relative species specificity and comparing receptor avidity betw 
test species and humans. Conservative dose escalations (e.g., half log or less) are usually 
recommended. 

4. Concomitant therapy 

Use of low-dose corticosteroids (up to 10 mg prednisone equivalent daily) and NSAIDS rn; 
ordinarily be continued in phase 1 trials. Concomitant therapy with methotrexate and simili 
agents should be avoided in initial phase 1 trials of all novel antirheumatic drugs, biologies 
and devices because of the difficulty of differentiating the toxicity of the novel agent from tl 
of the co-administered product. 

Physicians now prescribe methotrexate and similar agents earlier in the course of rheuma 
arthritis. Recruiting adequate numbers of patients not taking these agents may be difficult. 
Approaches that may allow the use of methotrexate and similar agents in later phase 1 trig 
include (a) obtaining reassuring evidence of lack of toxicity from relevant animal models in 
which co-administration occurred and (b) starting at doses significantly lower than the no- 
adverse-effect level of the single agent as determined by earlier phase 1 studies or preclin 
studies, or both. Such proposals should be discussed in the planning stages with Agency t 

5. Observations 

a. Safety 

The standard batteries of safety observations have been described elsewhere (ICH 
1994). However, additional types of safety observations may be necessary (e.g., te 
of effects on cellular and humoral immune function or host defenses). For products 
the potential for effects lasting long after administration, or for delayed toxicity, 
appropriate follow-up should be designed. For example, phase 1 studies of agents 
to deplete or modify the function of T-cell subsets should be designed to carefully 
assess both the short- and long-term effects on number and functional status (e.g., 
delayed type hypersensitivity responses) of cell populations and other pertinent 
pharmacodynamic assays during therapy and during follow-up. 

It is also desirable to incorporate individual patient adverse event stopping/withdrav 
rules into protocol designs. In addition, it is often advisable to incorporate into trial 
designs rules for trial stopping or trial modification in case adverse events are obse 
For example, dose escalation rules should be clearly defined in dose-finding studie: 
with provisions for enrollment of additional patients at or below the dose-causing to: 
if possible significant adverse events are observed. 

It is desirable to develop a standardized toxicity grading scale for use in all trials of 
product based on the known and suspected toxicities of the product or of the drug c 
This may improve consistency of adverse event reporting and allow more accurate 
comparisons among trials. 

b. Efficacy 

Developing an understanding of the agent's therapeutic potential in early trials is hi{ 
desirable for efficient product development. This may be attempted in phase 1 , but 
ordinarily be achieved only by performing controlled trials. RA responses in open tri 
are of little value in indicating efficacy. Consideration should be given to the more 
modest goal of determining whether the pharmacological effect predicted from the 
preclinical development is present (proof of concept). 

D. Considerations in Phase 2 Trials 

During phase 2, larger, often longer, term trials are employed to better define the dose- and 
exposure-related activity and toxicity of the agent. Enough information should be generated to en 
that the phase 3 trials can be conducted safely and with a probability of success. In addition, pha 
trials should solidify a total drug development strategy to ensure that, after the phase 3 safety/effi 
trials are done, all of the information needed for registration will have been gathered, including ar 
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appropriate safety database, clinical pharmacology, dose-response data, the exploration in sped 
populations (e.g., renal failure, hepatic failure, pediatric patients), and information on drug interac 
with agents expected to be co-administered. 

There is nothing to preclude conducting additional phase 1 clinical pharmacology studies and phi 
trials while the phase 3 development is ongoing. 

The following issues are important for phase 2 trials in RA: 

1 . Trial design 

Dose finding is a central challenge of phase 2 development. Once a reasonably safe rang* 
doses has been established, randomized, parallel-arm dose-comparison trials are ordinari 
recommended. The use of a placebo arm is desirable for several reasons. First, if no 
difference is found among doses, there is usually no other way to determine whether all dt 
were equally effective or equally ineffective. Second, if a dose-response trend is found, the 
placebo arm may indicate the possible magnitude of the observed effect. If use of a placet 
impossible, designs should include wide dose ranges or durations, or repetitions. Active 
controlled designs that specify an arm with a well-characterized, known therapy can also fc 
very useful. 

Signs and symptoms measures may be used for dose-finding studies, but it is possible the 
separate dose-finding studies may be needed for longer term endpoints. 

For agents that are thought to have prompt onset and rapid offset of effect, alternative des 
including crossover and titration designs, may be useful, although historically this has not I 
the case. Trials of two or more doses that permit liberal titrating per the patients' response 
unlikely to clearly demonstrate a dose response because these titration designs result in a 
blurring of any existing dose distinction. 

The desirability of identifying a range of doses with acceptable toxicity and reasonable act 
for study in phase 3 cannot be stressed enough. 

2. Safety 

Every RA investigational therapy raises safety concerns. Whenever there is a potential for 
significant toxicities, long-lasting or delayed-onset, it is desirable to design the phase 2 stu 
to provide a group of patients with longer term follow-up preceding the larger phase 3 stud 
Provisions for long-term foliow-up can be helpful in addressing issues raised during prema 
review {e.g., potential for immunosuppression, opportunistic infections, neoplasia, and 
induction of autoimmune disease). Standard toxicity grading scales and stopping rules are 
desirable in phase 2. 

3. Additional development aspects 

a. Concomitant therapy 

Before starting phase 3 trials, an evaluation of the test product's interaction with oth 
agents likely to be used by the target population should be performed. Initial inform; 
can be established based on metabolic pathways, studies of in vitro systems, anim? 
human pharmacology studies, or drug interaction studies. This type of information t 
in directing areas in need of clinical evaluation. When products are intended to be 
tested as combination therapy with the investigational agent, substantial informatior 
interactions and safety of co-admlnistration should be developed in phase 2. 

b. Gender effects 

Most RA trials have predominantly female enrollment. Sponsors should evaluate 
whether the observed safety and efficacy findings are restricted to women or can b< 
also extrapolated to male subjects. This may be accomplished by subset analyses 1 
trials, PK data, or other information {FDA 1993). 
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E. Efficacy Trial Considerations 

The overall goal of phase 3 work is to demonstrate the efficacy of the product in convincing contr 
trials and to accrue a sufficient safety database. Efficacy trial protocols should contain an analytic 
plan that precisely identifies the primary comparison(s) to be made, the criteria for success of the 
and the statistical tests that will be used. Protocols should be designed to generate data that sup 
desired labeling claims. Any additional planned, ongoing, or completed trials that are also intend* 
generate data supporting the claim should be identified. 

1 . Global considerations 

a. Patient selection 

Activity of disease: Unless some other specific subgroup is targeted, patients enroll 
efficacy trials should at a minimum meet the disease definition and disease activity 
defined by ACR criteria. Consultation with the Agency on the generalizability of claii 
derived from trials with significant limitations on entry criteria is recommended. 

To enhance the power of the trial, strategies to improve the chances of a response 
therapy are often employed. Some designs incorporate an attempt to select active 
patients by withdrawing background treatment and allowing patients to flare. Only 
individuals with sufficiently high scores are enrolled. The relevance of this type of 
observed flare is questionable, and its ability to predict the normal course of active 
disease has not been established. Many patients randomized to placebo in such sti 
exhibit the characteristic response of rapidly returning almost to baseline without fui 
treatment, tn addition, when patients undergo blinded withdrawal from therapy withi 
these trials, similar dramatic flares are not observed. This raises the question of wh 
there is an expectation bias on the part of patients, who have been told about the ft 
procedure, and ascertainment bias on the part of investigators, who wish to have 
patients meet the entry criteria and enroll in the study. These uncertainties and 
instabilities around the outcome measures used in such trials should be kept in min 
when employing these designs. 

A proportionately smaller, but nevertheless noticeable and prompt, regression to th* 
mean is noted in the joint scores of patients required to have a certain minimum val 
for trial entry in trials not employing a flare strategy. This means that patients, on th 
whole, will not actually have disease as active as anticipated when the entry criteris 
set. 

Subgrouping patients by disease markers: RA is likely composed of a number of m 
or less distinct diseases delineated by a common genetic background, correspond!! 
clinical manifestations, similar serologies, and responses to therapy and prognoses 
The study of RA possibly may be made more efficient with the use of markers with ■ 
prognostic significance as entry criteria to increase patient homogeneity. Novel 
epidemiologic and molecular genetic approaches may lead to identification of even 
more subgroups. However, prospective studies are first needed to confirm the clink 
usefulness of new purported prognostic factors. Where existing data do support 
markers as prognostic indicators (risk factors), such as the presence of rheumatoid 
factor, erosive or vasculitic disease, and DR4 homozygosity, they can be taken into 
consideration in the design of trials, as can factors known to affect treatment respor 
Although in some cases such studies could limit generalizability and impact labeling 
the final product, it is also possible that such targeting could improve the risk/benefi 
profile. 

b. Concomitant antirheumatic therapy 

Studies in RA patients, except in those with very mild disease, are carried out in the 
presence of concurrent active therapies, including steroids, NSAIDS, 
hydroxychloroquine, etc. This concurrent therapy creates numerous challenges in 
patient selection, toxicity monitoring, and clinical trial design. For example, since 
methotrexate therapy is used to treat many RA patients, it is inevitable that new ag< 
will be used in combination with methotrexate in clinical practice unless a 
contraindication exists. Therefore, unless a prohibition on concurrent methotrexate 
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supportable, data regarding use of the investigational agent in combination with 
methotrexate are needed to evaluate the potential for immunosuppression from 
combination therapy. Other agents should be similarly evaluated. 

In addition, patients can be categorized according to their prior responses to stands 
therapy. Varying trial designs may help assess the response of different response 
categories to an investigational therapy. For example, with respect to methotrexate 
the RA population can be divided into five groups: (1 ) methotrexate noncandidates 
disease too mild or too early for methotrexate; (2) methotrexate candidates C disea 
sufficiently (or will become sufficiently) active to justify methotrexate; (3) methotrex? 
successes C disease reduced to negligible amounts; (4) methotrexate failures C cl« 
drug failures, for inefficacy or tolerability, and (5) methotrexate partial responders C 
considerable residual disease despite methotrexate. Each of these groups might be 
considered separately for candidacy for an investigational agent and with respect tc 
appropriate trial design. If only a subpopulation of RA patients (e.g. methotrexate 
nonresponders) is studied in a particular trial, the results strictly reflect efficacy in th 
group only, but they may, of course, imply something about efficacy in other groups 
Single trials in various responder subpopulations could be supported by positive re* 
in other subpopulations. Any planned subpopulations should be clinically 
distinguishable. Sponsors should consult Agency personnel when planning a clinic* 
development program contemplating an RA claim that is limited to a subpopulation 
the disease. 

c. Other concomitant therapies 

Most patients with RA are taking concomitant medications. Use of medicines unlike 
influence treatment outcomes (e.g., antihypertensives) should simply be recorded, 
although investigators should be alert for possible drug interactions. Obtaining 
information during clinical development on co-administration of the test medication 
expected concomitant medications is desirable. The following approaches may be 
considered in dealing with arthritis medications or analgesics. 

Prohibit use: This strategy may result in noncompliance or an increased number of 
dropouts. 

Incorporate protocol-specified use, with monitoring: With this strategy, additional 
analgesic use (and possibly other arthritis medications) may be used according to 
protocol^specified criteria. In addition, for long duration studies, protocols should 
address (1) whether intra-articuiar steroids are permitted and, if so, for how long 
assessments of the involved joint are excluded from analysis; (2) the manner in whi 
stress doses of corticosteroids for surgery, etc., are to be handled; and (3) how soo 
after such doses protocol assessments would be allowed. 

Design analgesic use, or its quantitative consumption, as (part of) an efficacy endp\ 

Define use of more arthritis treatments as (part of) an efficacy endpoint 

d. Stratification 

Randomization is intended to balance populations for confounding variables; howe\ 
there is always a chance that randomization may fail to achieve balance, particular! 
smaller trials. It may be advisable to stratify known (or highly suspected) major risk 
factors to ensure their balance across arms. Any factor whose influence on the out< 
is suspected to be as strong as the treatment's influence should be considered for 
stratification (e.g., erosive disease, presence of rheumatoid factor). An often overlO' 
risk factor is the patient's past therapeutic history. (See statistical section for further 
discussion.) 

e. Blinding 

Because most RA outcome measures have a high degree of subjectivity, the highe 
confidentiality in patient and assessor blinding should be sought to achieve a credit 
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inference. Blinding may be compromised if there is not an approximate parallelism i 
time to onset, nature of response, and toxicity profile between active and controlled 
interactions. Trials should have parallel (e.g., "double dummy") dosing in all arms w 
possible so that a drug requiring frequent dose manipulations does not threaten the 
blind. If arm specific treatment adjustments are necessary (e.g., per monitored drug 
levels), these can be done by an unblinded (and sequestered) third party to maintai 
patient and assessor blinding. In this case, parallel changes should be made as dui 
adjustments in the control arm to preserve blinding. Similarly, if the blind is likely to 
compromised by infusion-related events or other features of the treatment protocol, 
critical treatment endpoints, such as joint counts, should be assessed by an 
independent party with no knowledge of the subject's history. 

f. Effects of dropouts and noncompliance. 

It is important that trials be designed to minimize dropouts and the attendant inform 
loss. Traditionally, recommended RA trial designs have focused on eliminating soui 
of variability, for example, extra pain medications, and intra-articular injections. Ofte 
these interventions were defined as major protocol violations, requiring that the pati 
be dropped from the study. There is a trade-off between patient retention and toler* 
of variability in RA trial design. Protocols demanding rigid adherence may yield 
uninterpretable results because of dropouts and noncompliance emanating from pa 
and investigator intolerance of the requirements. On the other hand, protocols 
permitting any kind of additional intervention may likewise be so confounded as to c 
interpretation. 

The following strategies may help minimize loss of information: 

i. Use screening or run-in periods so that patients are randomized to treatment 
groups only after their eligibility and commitment are confirmed. 

ii. Thoroughly train investigators and study personnel to minimize inappropriate 
enrollments, protocol violations, and other deviations that would decrease th 
ability to assess trial outcomes. 

Hi. Include dropouts in the definition of the endpoint, as in a time to defined 
treatment failure, or a defined by-patient success or failure. A sufficiently late 
time point should be chosen as the endpoint to avoid the situation where the 
course for response differs between two active therapies in a trial, which can 
introduce bias. 

One example of this approach would be to use a protocol-defined response i 
as the primary endpoint, wherein dropouts due to lack of efficacy are classify 
as nonresponders. With this type of endpoint, the criteria for classification as 
nonresponder should be clearly and prospectively defined. The use of this ty 
endpoint could be justified in situations where there are robust phase 2 data 
suggesting drug responsiveness at a defined point after initiation of therapy ; 
durability of that response. In this case, one could define the primary analysi 
a comparison of the proportion of patients with an ACR 20 response at six 
months. The protocol could specify that if no improvement compared to base 
were seen on two consecutive study visits after two months on protocol, the 
subject would be declared a nonresponder. Experience will determine wheth 
this approach effectively limits information loss due to dropouts. 

iv. Make provisions for following patients who have stopped experimental treatr 
Options include allowing a protocol-specified crossover to a standard therap; 
patients meeting predefined criteria for treatment failure. 

v. Allow more flexibility in treatment options during the study. Some designs ihi 
have been used include allowing dose adjustment of the comparator arm 
(assessor and patient blinded), allowing add-on therapy for patients meeting 
predefined criteria for inadequate response, and allowing a limited number o 
joint injections, with elimination of that joint from assessment. 
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2. Trial designs in RA 

Clinical trials in RA can be designed in a variety of ways. More than one claim can be purs 
in the same trial, and claims can be submitted singly or together. Trials can be designed tc 
a difference C demonstrating that the investigational product is superior to control (placed 
lower test dose, another active agent), or they can be designed to test no difference C 
demonstrating that the product is adequately similar in efficacy to active control. Placebo, 
dose, concentration- or active-controlled designs can be used. 

Because the persuasiveness of trials showing a difference is, in general, much greater the 
that of equivalence trials, it is highly desirable for a claim to be convincingly demonstrated 
least one trial showing superiority of the test agent over placebo or active control. If a clair 
superiority over a specific comparator is sought, rather than just straightforward efficacy, tl 
claim should be substantiated by two adequate and well-controlled trials showing superior 
Such trials can also be the basis for demonstrating the product's efficacy. 

a. Superiority trials 

The standard two-arm, investigational agent versus placebo design has been the rr 
common RA design and is the most straightforward. The details of trial design will 
depend on the population tested. Patients with mildly active RA taking only NSAIDS 
who have never been treated with an additional class of therapy, may be enrolled ir 
placebo-controlled trial with continuation of NSAID background therapy; however, 
patients doing poorly on NSAIDs alone are usually not appropriate candidates for 
placebo-controlled trials. The same considerations apply to patients who are partial 
responders to, or who have failed, various other treatments. 

Alternatives to the two-arm difference design are a standard dose-response study £ 
superior-to-active-control hypothesis. These designs may accommodate the need t 
provide active treatment to patient groups where randomization to placebo is infeas 

b. Equivalence trials 

Equivalence trials are designed to demonstrate that the test drug is adequately sim 
to an active control. This is done using a prospectively defined equivalence test, 
specifying to a 95 percent confidence level that the real difference between test anc 
control is smaller than some predetermined amount. Achieving similar point estimal 
efficacy of two agents is not a demonstration of equivalence. 

Equivalence trials can serve two purposes. First, they can be used to supply evider 
for a simple efficacy claim. Second, they can be used to pursue a specific equivaler 
to drug X claim. Both purposes could also be pursued in the same trial. The imports 
point to note is that the strength of the evidence may need to be stronger for a 
claim of equivalence to drug X than for a simple efficacy claim. Thus, the 
equivalence test may differ, depending on which claim is intended. Currently, the 
equivalence standard that is appropriate for a given trial in RA will be determined oi 
case-by-case basis. As noted above, this test may be more stringent if a claim of 
equivalence to drug X is being pursued. Additionally, the test of equivalence may bi 
constructed differently if a placebo arm is present, since the presence of the placeb 
allows estimates of absolute and relative drug effect size. 

In either case, the statistical test for equivalency needs to be quantitatively describe 
the protocol. Under either the pursuit of a simple efficacy claim or the pursuit of a 
specific equivalence to drug X claim, the basis of the decision on an appropriate tes 
remains, fundamentally, a clinical one. It represents a consensus, in that particular 
circumstance and for that particular claim, on what small potential difference can be 
considered clinically insignificant, to allow the treatments to be considered clinically 
equivalent 

There is considerable experience in the interpretation of active-controlled trials in cl 
situations where the response to the intervention is high. As an example, antibiotics 
evaluated by the Division of Anti-Infective Drug Products (CDER, FDA). For these 
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products, the magnitude of the potential difference permitted in an equivalence 
determination depends on the response rate of the standard treatment. For exampl 
new agent being compared to standards with response rates of 90 percent or more 
be allowed a 1 0 percent window to provide confidence that the difference between 
standard response rate and the test response rate is no more than 10 percent. 
Technically, this means the 95 percent confidence interval of the difference must lie 
to the right of 10 percent If the standard treatment is known to have an 80 to 90 pe 
response rate, a 15 percent window is used. These equivalence tests were designe 
trials without a placebo arm and for clinical situations where the placebo response i 
known to be very low. 

Treatment response rates in RA are often in the vicinity of only 50 percent (dependi 
of course, on the endpoint used) with placebo rates of about 20 percent, so the clin 
decision for an allowable small difference may differ from that with antibiotic therapj 
this time, the decision will have to be individualized for each trial. 

A major problem in equivalency trials lacking a placebo arm is ensuring that both 
treatments are equally effective, rather than equally ineffective. A number of the ag 
that are approved for RA have fairly small effects and may fail to show efficacy whe 
tested against a placebo. Comparative trials intended to show equivalence to such 
treatments, when not anchored by a placebo control group, may lack credibility. Thi 
is desirable in equivalence designs to select highly effective comparative agents. If 
possible, use of a third (placebo or lower dose) arm, so that a treatment difference < 
be shown, is a desirable strategy in equivalence trials. This arm would not necessa 
have as many patients or as long a duration as the active comparators. If a placebc 
is present, both the test and active arms need to statistically exceed placebo for a 
finding of equivalence to have meaning. 

Strict attention to numerous aspects of trial design and conduct are important to en; 
accurate inferences from equivalency trials. Design decisions regarding patient 
population, dosing, and efficacy and safety assessments should be done in a mann 
that is unbiased against the control to ensure a fair comparison. Furthermore, atten 
to certain problems in trial conduct, such as minimizing dropouts, noncompliance, a 
missing data is essential to the reliability of the inference. These aspects of trial cor 
may obscure differences and lead to a false conclusion of equivalence. This is the 
opposite of their effect in a difference design to show superiority, where they work 
against trial success. 

In any particular development, the choice of trial design depends on many factors. 
Since controlled evidence showing a difference is more persuasive than that showii 
equivalence, greater efficiency (fewer patients or shorter exposures) is available wit 
development strategies using trials employing maximal differences between trial an 
Optimally, this means placebo controls, with the requisite background therapy, give 
all patients. 

c. Trial designs novel to the study of RA 

Although not used traditionally in the study of new RA treatments, the withdrawal d< 
can be considered in certain circumstances. The withdrawal design is sometimes u 
to assess efficacy. In this design, patients in both arms of a study are treated with tl 
investigational agent, which is then blindly withdrawn from one arm, after which pat 
outcomes are compared. Showing that patients taken off the investigational drug g* 
worse demonstrates effectiveness. Natural endpoints for withdrawal designs are tin 
(predefined) worsening using standard time-to-occurrence statistical tests or a simp 
comparison of proportion of outcomes in the two arms. Withdrawal studies may be 
performed with both arms on background therapy. 

There are a number of caveats about withdrawal designs. If the product is very toxii 
that only a small (tolerant) subset of the original population remains at the end of th 
trial and is available for the double-blind withdrawal phase, the generalization of an; 
inference from the withdrawal design is limited to that tolerant subset. Additionally, i 
should be noted that, if a drug induces habituation or tolerance, withdrawal or reboi 
phenomena may make withdrawn patients worse even though drug therapy did not 
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have a beneficial effect. 



3. Analytical Issues 

a. Handling dropouts 

Historically, RA trials have suffered from information loss due to dropouts. Dropouts 
probably never occur randomly, and rarely occur fully independent of the treatment 
being tested, so there is always the possibility that dropouts introduce a bias. This 
problem is common in many randomized trials. Methods for analyzing the effects ot 
dropouts have been proposed, but none is fully adequate. 

The problem of dropouts is not resolved by using an intent-to-treat (i.e., all randomi 
patients included) analysis with an imputation by last-observation-camed-forward 
(ITT/LOCF) or by showing that both the ITT/LOCF and PP/OC (per protocol 
completers/observed cases only) analyses concur, although these approaches maj 
increase confidence in the results. It should also be noted that there are other meth 
of modeling missing data, for example, see Little and Rubin (1 987). Such modeling 
methods require assumptions that are nonverifiable by existing data. 

The effects of dropouts should be addressed in all trial analyses to demonstrate ths 
conclusion is robust. One trial design approach is following all patients, including 
dropouts to the planned trial endpoint, even if postdropout information is confound* 
new therapy, and performing an analysis including these patients. Another approac 
involves the worst case rule: assigning the best possible score to all postdropout 
placebo patients and the worst score to all postdropout treatment patients, then 
performing an analysis including these scores. 

b. Comparison to baseline outcome measures 

A phenomenon frequently observed in RA, as well as in other conditions, is that pal 
who stay in trials do better than those who drop out: responders do better than 
nonresponders. This is true both for placebo groups and active treatment groups. If 
observations of the disease were made exclusively from clinical trials, one might 
conclude that the natural history of the disease is inexorable improvement. This 
phenomenon is attributable to preferential dropout of worsening patients (a 
phenomenon not adequately compensated for in LOCF analysis) as well as regresi 
to the mean. The problem is exacerbated in flare designs, where all patients have r 
improvement regardless of treatment status. This fact makes comparison-to-baselir 
outcome measures difficult to assess, since, very often, much of the improvement r 
has no relationship to a treatment effect. For these reasons, active-controlled trials 
incorporating a placebo arm and using comparisons to baseline may be extremely 
difficult to interpret, especially if a flare design is employed. In any case, success in 
trial implies improvement over control. 

4. Statistical Considerations in Efficacy Trial Design 

It is advisable to discuss the design and analysis with the FDA review team prior to embar 
on a study. In addition, FDA's Guideline for Format and Content of the Clinical and Statisti 
Sections of New Drug Applications (1988) contains useful information. 

a. Randomization/stratification 

Randomization is intended to allocate patients to treatment groups to avoid bias an 
ensure that statistical procedures can be appropriately applied. 

In some clinical trials, there are known factors that are at least as influential in 
controlling the observed severity of disease as the drugs being studied. Stratificatio 
may be used to avoid relying on randomization properties to balance patient assign 
for these factors. Stratification is implemented by constraining simple randomizatior 
balance the assignment of patients to treatment groups for the chosen stratification 
factors. 
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Every phase 2 and phase 3 study protocol should contain a randomization section, 
constraints imposed on the randomization should be explicitly identified. It can then 
inferred, when a stratification factor or sample size alloration constraint is not 
mentioned in a protocol, that there exists no corresponding randomization constrair 
This applies to whether patients are blocked to balance treatment assignment for t» 
of patient entry into study and to the more obvious stratifications on center and bast 

Because stratification implies constraints on randomization, studies that have been 
stratified for certain factor(s) should account for these factors in the statistical analy 
section. The protocol-defined analysis should be implemented for each study. 

There are also statistical procedures to address bias in treatment group comparisoi 
adjusting for factors (covariates) that, like the stratification factors, are to be prespe 
in the protocol or by using a mechanism to determine a fixed number of covanates 
prespecified. It Is important to prospectively identify covariates (or criteria for choos 
covariates) in the protocol. In addition, statistical adjustment procedures should be 
with care and include appropriate verifications of assumptions. 

In deciding whether to stratify randomization in all clinical trials, practical Judgment i 
required. There are reasons to choose stratification and reasons to choose statistic 
adjustments. 

The first advantage of stratification is that it avoids possibly major statistical adjustn 
of differential treatment effects. Stratification would essentially eliminate the effect c 
such adjustments before analysis began. Second, although stratification and statist 
adjustment procedures are both designed to remove bias in estimated treatment efi 
stratification is usually more powerful. This is because stratification leads to smaller 
variances of estimated treatment effects than does statistical adjustment without 
stratification. Finally, the inclusion of stratification factors into a statistical analysts a 
should result in increased power to detect effectiveness. 

Stratification becomes increasingly clumsy as the number of strata increases and 
consequently, the available number of randomizable patients per cell decreases. In 
case, it is logistically simpler to not stratify, but to rely on statistical methods to adju 
these factors. 

The best approach may be to combine stratification, applied to a limited number of 
most influential prognostic factors, with statistical modeling. This protocol-defined 
statistical modeling would both account for stratification and be used to adjust for th 
effects of a parsimonious number of the most important remaining factors 

b. Identification of primary efficacy variables 

Each phase 2 or phase 3 study protocol should identify the primary and secondary 
efficacy variables. Primary efficacy variables are critical to the identification of the 
effectiveness of the product. Secondary efficacy variables are those that support th 
validity of the primary variables but are less critical in deciding if this product is effei 
It is helpful, but not necessary, that statistical evidence of efficacy be shown for 
secondary efficacy variables. 

c. Prespecification of statistical analysis 

Statistical analysis of clinical endpoints is part of the process for obtaining consisted 
and convincing evidence of product efficacy. These statistical analyses should not I 
data driven. This is implemented by identifying, in each study protocol, before data 
available for analysis, a sufficient description of the statistical analyses of primary 
efficacy variables so that an independent statistician could perform the protocol 
analyses. A brief description of the statistical analyses should include but not 
necessarily be limited to specifying: (1) the level of significance to be used; (2) whe 
statistical tests of hypothesis or confidence intervals will be 1 or 2 sided; (3) whethe 
interim analyses are planned and, if so, how the tests of hypotheses and confident 
intervals will be adjusted to account for interim looks at the data; (4) the mathematic 
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mtS rShod SSSwSoWno type I error rates for multiple primary efficacy 
Sffll^i^ ^ed for making multiple treatment comparisons. 

d. Multiple endpoints 

There has often been a clinical argument for using multiple endpoints to assess _prir 
artbncs of effectiveness in RA. The theoretical bases for such combination endpo 
Sto Sf an area of ongoing statistical research-For 
measures recommended in FDA's previous guidance (FDA 1988), trial results were 
cTstderld to s ™port a conclusion of effectiveness when statistical evince , of effi 
wTs f shown for at feast three of the four measures- physician global assessment, p e 
global assessment, swollen joint count, and painful joint count. 

Multivariate statistical methods are also available for analyzing the set ,of primary 
Ec/JariaS^Socedures are being developed for inferences denved from mul 
endpoint results. 

Efficacv variables can be combined within patients (composite endpoint). Such a fi> 
^mbinattor of Efficacy measures should be well defined in the study protocol. 
oSSP^JlSS^^ have the advantage of avoiding several statistical and 
inferenfial difficulties associated with multiple endpoints. 

e. Dropouts 

Dropouts are patients who, after a certain period of time in a trial, fail to P^de din 
data ^led to be collected by the protocol. Frequently, dropouts ^ocsur 
reasons related to taking the assigned test drug (adverse effects or ack o efficacy, 
Since dropouts do not usually occur randomly, the remaining patents consMute a 
bS subsample of the patients originally randomized Unless trial dr^outs can b 
assumed to be random (which is rare), no model used to impute the.r effects can b< 
verified. 

Methods used to handle dropouts, such as LOCF and <^ m P^.^^ a ^ 
satisfactory even though they have often served as the basis ; for de £*mh at 
adequate statistical evidence of efficacy has been provided The LOCF method usu 
doS not preserve the size of the test, either for the comparison of ^'observation 
for me comparison of rates of change. Alternative methods '^J^S^SL 
analysis and random effects regression. These are also suscephblei to ^.n onr.ajve 
censoring C that is. dropping out depends on the value of the response It is often t 
to show that the results hold for a variety of analyses (i.e.. they are robust). 

f. Trials with several treatment groups/multiple comparisons 

In clinical trials involving more than two treatment groups, a stati stical i ™l«ple 
comparison procedure controlling the experiment-w.se error rate to 5 percent or les 
should be applied. In essence, there should be overal stat.st.cal evidence o a 
treatment main effect before attempting to make specific drug compansons relevan 
proposed drug labeling. 

g. Trials simultaneously used to pursue more than one claim 

A single trial can be used to pursue simultaneously more than one J^; an adjust, 
of significance level for multiple analyses is not always necessary. If the order of te. 
Se hypotheses is prespecified. then no penalty need be taken. For example when 
trial is simultaneously pursuing a six-month signs and symptoms cla.m and la ^el£ 
month x-ray claim, if the trial wins by the first hypothesis tested C signs and sympto 
C then the x-ray hypothesis can be calculated without an adjustment penalty. 



h. Interim analyses 
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Interim analyses are those that, for any purpose, are repeatedly Performed on 
accumulating clinical trial efficacy data. Methods have been developed to compens 
for the fact that multiple tests (including intenm analyses) alter the true significance 
level The study protocol should state whether such interim analyses are planned o 
Should interim analyses be planned, the plan and its implementation should be 
described in the protocol. The description should include who will have access to th 
interim data, the scheduling of these interim analyses, the method to be applied for 
adjusting significance levels, and the corresponding time sequence of significance 
levels at which statistically significant results will be claimed. 

Although an interim analysis may not be thought to affect the subsequent collection 
efficacy data, interim analyses carry the additional risk that the blinding or conduct < 
study may have been compromised. Statistical methods cannot compensate for an; 
unwinding and bias that may result from gathering the information needed to pert or 
interim analysis. Finally, if any major protocol change becomes necessary (e.g,ar 
therapy becomes available), it is important that such a change not be influenced by 
those unblinded to data. 

i. Sample size 

Failure to recruit an adequate number of patients is a major reason why an effective 
product may fail to meet established statistical criteria for efficacy, independent of 
whether the purpose was to show superiority or comparability of treatment effect. T 
method for determining the sample size should be stipulated in sufficient detail to p. 
independent verification of the computation. This should include identifying the effic 
variable that the sample size determination is based on, the magnitude of the 
hypothesized clinical difference, the standard deviation, the power, the significance 
level and the sidedness of the statistical procedure(s) described in the analysis pia 
Furthermore the size of the clinical difference chosen should be justified, and the 
rationale for the choice of the efficacy variable used to determine sample size shou 
discussed. For comparability from one trial to the next, it is optimal to use the same 
efficacy variables as were used to power earlier studies. 



j. Trials to show clinical equivalence 

The words clinical equivalence are used in a much narrower sense than these wore 
might imply to the casual reader. First, there is often no intent to show equivalence 
two or more drugs across the broad spectrum of pharmacologic effect. Rather, focu 
on showing no clinically relevant differences for one or possibly more variables that 
to be clearly identified in advance. The concept of equivalence is two-sided in that i 
any outcome measure, one drug is sufficiently different from another drug, then the 
drugs are no longer deemed equivalent in that variable. 

To show equivalence, the variables serving to measure these effects of interest she 
be defined in the protocol. For each efficacy variable for which clinical equivalence 
effect is sought, the magnitude of a difference deemed to be inconsequential shoul< 
identified. The clinical data should then show, with 95 percent confidence, that this 
predefined difference is not exceeded. 

Inference based on trials to show equivalence is inherently less convincing than 
inference based on trials to show the existence of a difference. Often, clinical trials 
not detect treatment differences that are known to exist, in such cases, statistical 
methods may then seemingly provide evidence of equivalent effect (e.g., to placebc 



k. Appropriateness of the statistical methodology 

The appropriateness of the statistical model should be assessed, including checkin 
outliers and determining if distributional assumptions (usually normality) are met an 
common variance assumptions hold 



I. Site effects 
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If the patients have been stratified and randomized by site, the analysis should inch 
site effect. There may be a site-by-treatment interaction reflecting the degree to whi 
the treatment varies across sites. This is often notable when there is a great vanatu 
enrolled patients across sites. Site-by-treatment interaction should be explored. 

F. Safety Analysis 

The approach to evaluating adverse event data and laboratory values has traditionally differed frc 
that used to evaluate efficacy. The purpose of safety evaluations is usually not to test a specific 
hypothesis, but to examine the pattern of effects and to detect unusual or delayed events. Analys 
using cumulative occurrences, scatter-plots of laboratory values (baseline versus on-therapy), or 
other techniques may be helpful. The safety profile should address to what extent adverse events 
(druq reactions or lab values) depend on duration of drug exposure, dose level, coexisting medic 
conditions, or possible drug interactions. Incidence rates should be calculated using denominate 
that reflect the period of drug exposure for the population at risk. Cumulative incidences (hazard 
rates instant probabilities) do a better job representing the temporal pattern of drug effects than < 
prevalence rates; comparative cumulative incidence tables C drug versus active controls) versu 
placebo C also are very helpful to practitioners. Critical incidence rates should be descnbed with 
percent confidence intervals. 

Ensuring safety during the development of a drug, biologic, or device can be optimized by adequ 
preclinical evaluations and the development of a standardized clinical safety assessment system 
Elements of a successful safety assessment system include the use of predefined standard 
terminology (such as the Medical Dictionary for Regulatory Activities Terminology) and cntena tc 
define and assess adverse events (AEs), approaches to optimize AE detection and appropriate 
safety stopping rules in trials. It is also useful to capture AE severity (grades 1 [mild], 2 [moderate 
rsevere], or 4 [life-threatening]), outcomes (such as the need for therapy and whether resolution < 
death occurred), treating physician assessment of association with study agent (remotely possib 
probably related), and impact on the trial (none, dose of agent delayed or changed, or patient 
withdrawn from further therapy). Stopping rules, determined by the risWbenefit ratio for the agent 
the study population, are desirable both for individual patients (a single grade 3-4 AE is often use 
as well as for the clinical trial, especially in dose-escalation studies. 

1 . Intrinsic trial design considerations 

An attempt should be made to characterize the patient population susceptible to adverse < 
effects. Some extraneous factors, such as variations in soliciting and reporting adverse ev 
among the investigators and differences in the definition of normal ranges for lab values 
among different laboratories can complicate the safety data. Since adjustment for their eff< 
may be difficult, precautions should be taken in the design stage of the trial to minimize thi 
influence of these factors by preparing clear and specific instructions for data collection an 
monitoring adherence of the investigators and the laboratories to the protocol. Procedures 
normalizing laboratory data, for example, may be employed. As previously mentioned, 
developing standardized toxicity grading scales that can be employed in all studies may al 
be useful. 

2. Adequate numbers 

The ability to detect adverse experiences is dependent on the number of patients evaluate 
the clinical trials and in clinical usage. In studies of 300 or more patients having adequate 
exposure to the investigational drug, it is expected (with 95 percent confidence) that at lea 
one patient will manifest an adverse event having an incidence rate of 1 percent or great® 
Smaller studies fail to meet even this minimal incidence detection standard. In most cases 
however, it is possible to combine studies of equal duration to establish adverse experienc 
rates. 

For any chronically administered product, the safety database should include at least 300 
patients treated with the maximally recommended dose for at least six months and at leas 
patients treated for at least twelve months (ICH E1 A 1 995). Larger and/or longer safety 
databases may be advisable for agents with known or potential safety problems. 
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IV. 



SPECIAL CONSIDERATIONS FOR BIOLOGICAL PRODUCTS 33 

Although there are similarities between RA trial designs for drugs and biologies, biologies have special 
characteristics and problems that should be considered m their development. 

A. Species Specificity 

The schemes used traditionally in determining the initial human dose may not pertain to biologies 
Bm£5 Tagents may behave differently in animal models than in humans depending on the 
phystoiogiJ • reTevan ce and avidity for the" receptor of the ligand in the animal compared to the nun 
Immunogenic^ may also be species specific. 

B. Dose Responses 

The dose-response curve may be steep and/or even hyperbolic, and an agent can be quite toxic 
levels just above those thought to show efficacy. 

C. Toxicity Response 

The toxicity response may be highly unpredictable and potentially very dangerous and may inclu. 
Kko disease .worsening. Agents may have narrow therapeutic windows. Biologies have the 
Sen^ 

eptopes of the irlune system, for example, or to TNF receptors may fuse senous morbidity a 
doses only slightly higher than those that are efficacious with markedly less toxicity. 

D. Product Homogeneity 

This often plays a critical role in activity and toxicity of a compound. P r o durt . a S^"X e n f 
affect physiologic activity. Thus, biologies should demonstrate lot-to- ot consistency to the extent 
poSble while under development and be reasonably well charactered to be properly evaluatec 

E. The Role of Antibodies 

If ohase 2 data suggest that agent-induced neutralizing antibodies could interfere with the ; efficac 
a bSSZXSS^ time, it may become necessary to formally bivestigate the Possibility in a 
randomized-controlled setting. The occurrence of neutralizing antibodies may call for the 
rlconSSl ^of doses anddose regimens. Non-neutralizing antibodies may have a profound e 
on PK and may therefore be just as important as neutralizing antibodies. 

Tahle of Contents 



V. SPECIAL CONSIDERATIONS FOR MEDICAL DEVICES 
A. Background 

Medical devices used in the treatment of RA vary considerably in their therapeutic impact rangin 
from primary therapy for a specific affected joint to products used as adjuncts to primary therapie 
such as me use of ultrasound or heat for symptomatic relief in conjunction w.th pharmaceutical 
therapy Variability in therapeutic effects due to disease and response heterogeneity may be 
exaggerated with some devices because treatments are often targeted to a single or a few joints 
patient. 

Preclinical requirements for devices include assessment of data from a diverse range of tests, 
including, for example, tests that evaluate chemical composition, mechanical reliability o -the 
electrical properties of a given device. Each product type has an identified battery of tests that an 
evaluated to ensure that the design of the specific product is well understood and can be expect* 
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have the intended effect on patients as described in its labeling. 

The design of clinical trials in RA for a device may raise some unique issues J 
pharmaceutical trials. The interaction between treated and untreated joints as it affects functiona 
quality of life assessments is just one example of these issues Selection of an f P'°^ 
often poses difficult questions when the active therapy under study is an implant and the availabl 
controls are more systemic in activity. Understanding how to design these trials, analyze the date 
and assess the contribution from each therapy can be challenging. 

B. Efficacy Considerations 

1 The selection of a control group may be quite challenging with devices because masking f 
" the patient and investigator is frequently impossible and a placebo may be infeasible. Bee 

historical controls are often unsatisfactory and evaluating the equivalence of local therapy 
svstemic active control poses problems, innovative trial designs are often needed. Some 
innovative options include randomization to early versus late device interventions, or reset 
interventions following failure of pharmaceutical interventions. Although the use of a sham 
tolacebo) device is the most desirable control for many products evaluated for RA, it may I 
inappropriate if the subject device is implanted. Additionally, the success of patient and/or 
physician masking with such shams may not always be complete. Patient masking is infes 
If the product requires a surgical or other invasive procedure. However, in some cases it is 
possible to achieve evaluator masking for the effectiveness evaluation. 

2 For devices intended for use as adjunctive therapy, approaches and analysis methods she 
be designed to account for differences in disease status and severity to minimize potential 
biases in outcome measures. One approach is to have a consistent primary therapy with s 
named pharmaceutical to avoid confounding the analyses. The use of additional potential 
confounding co-therapies (hot/cold treatments, splinting, physical therapy, and orthotics) a 
needs to be appropriately addressed during the study design phase. 

3 The use of quality of life (QOL) assessments is very important where devices are intendec 
rehabilitative purposes. QOL benefits for the intervention should be judged with tools chos 
for their validity, ease, and convenience of administration and the ability to address both 
improvement in QOL and product satisfaction. These assessments should be kept maskei 
from the independent effectiveness evaluator to avoid assessment bias. 

4 In the case of invasive devices necessitating in-hospital or in-office use, it is recommendej 
that clinical assessments include convenience in use and pain or discomfort in administrat 
Early assessment of this aspect of therapy can provide critical information on the ultimate 
acceptability of the treatment and affect decisions as to whether to pursue a treatment 
modality. 

C. Safety Considerations 

1 Obtaining well-characterized, short-term adverse events rates, as an early assessment of 
safety as is common for large pharmaceutical trials is not always meaningful in medical d€ 
trials Device trials are frequently much smaller in size and the reliability of early data may 
be sufficient to establish a prospective pattern. When the device in question is an implant, 
evaluation period must be fairly long to assesses the potential for late occurring adverse 
events including device failure and adverse reactions to device materials. In some cases, ■ 
full assessment of safety cannot be completed in the premarket phase and extends into 
mandatory postmarket surveillance. 

2 When devices are used in conjunction with another medical or surgical procedure, the 
distinction between an adverse event that is clearly device related and one that is commor 
the procedure may be difficult to assess. The nature, timing, and degree of severity are so 
of the factors that may be useful in reaching a determination of cause. Since these 
determinations are based on clinical judgment, a real potential for bias exists in reaching 
conclusions about the treatment. Care must be exercised in designing the protocol to prov 
adequate detail in instruction to investigators to allow for consistent and unbiased decisior 
making on their part. 
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3 Devices (e a those emitting radiation) that have the potential for intermittent or chronic us 
Is to whether the e is a lifetime exposure limit or a maximum frequen, 
^SSSXSS^^ are frequency addressed with animal data as well as w.th long-terr 
clinical evaluations. 

Table of Contents 



VI. SPECIAL CONSIDERATIONS FOR JUVENILE RHEUMATOID ARTHRITIS 
A. Background 

Juvenile rheumatoid arthritis (JRA) is a heterogeneous group of diseases that share the i common 
torture of chronic, idiopathic synovia, with onset prior to 16 years of age. These disorders have 
3S3S into Satty distinct subsets based on the extent of joint involvement and extra-ato 
^MMX^^ar, poly-articular, and systemic-onset JRA, as we. as o goarthntis 
associated with HLA-B27 Aand they have been furthersubdivided based on clinica courses (Cat 
1986) Tmmunogenetic subsets appear to correlate with these clinical course subsets and are als 
Set from aSult RA (Nepom 1991). Of these various entities, polyarticular JRA '? ^nn mar 
asoecte to adult RA particularly in clinical signs and symptoms, synovitis, and similar efficacy 
re%o^es^ pharmacotherapy (NSAlDs, methotrexate and pred = ). As on, y 

5 oercent of all patients wtth rheumatoid arthritis develop illness onset dunng childhood, many 
ISS^&S*** agents in this small population will rec eive orphan idrug j*^"""* 
to 21 CFR part 316 C Orphan Drugs. The application of pr.nc.ples in the conduct 
adult RA largely applies as well to JRA. and this section outlines only those areas of difference £ 
adult RA. Sensors are generally encouraged to develop as much mformat.on as r ? 
patients for agents that will be approved for adult RA. As a minimum, dosing and safety data are 
strongly encouraged. 

Conducting drug studies in children is generally necessary and consistent with the expectations < 
Sent regimens for this disease. Because pediatric subjects cor.st.tute a vulnerable , poputaho 
conducting research involving minimal risk is important. The Committee on Dmgs of the America 
Academy of Pediatrics has published guidelines for the ethical conduct of studies o evaluate dru 
plSpopZLs (AAP 1 995a). and general considerations for the clinical evalua .on o drugs 
infants and children (AAP 1982). both of which should be consulted. Guidelines regardmg inform, 
and assent of pediatric patients from the Committee on Bioethics of the Amencan Acade 
of Pediatrics should also be followed {AAP 1995b). Conducting c .meal tnals for pat ents wrth JFV 
and, particularly, assessing global disease activity and response to therapy jihoul hnvolve pedia 
rheumatologists or adult rheumatologists who have extensive training in ped.atr.c rheumatology i 
have demonstrated competence in caring for children with rheumatic diseases. 

As a general principle, children should not be subjected to an agent that na 4 s "^^SJn 
safety in adults. Testing may begin in children, however, when the anticpated benefits based on 
XK knowledge justify the anticipated risks. An agent developed specifically for use in JRA (e 
SoScal agent targeted against a specific pathogenic process that is unique to JRA and not pre 
S adu frUfmay need to be tested first in children, as exposure in adu t RA 
adult volunteers may be unrevealing. If, however, the agent has potentia for use Jo J adultF^ 
JRA, then, at minimum. PK-PD and initial phase 1 data (including MTD) to ad^ stau d be *,ai 
prior to the start of testing in children. JRA trials of drugs that are expected to be similar in efficac 
existing drugs and that do not represent major therapeutic advances or alternative approaches tc 
basic mechanism of intervention can be delayed until there is extens.ve efficacy and safety data 
either from adults or in other pediatric populations. 

The need for reliable Inferences does not necessitate a placebo control, but randomization and 
controls should be employed. The choice of control is a function of what is known about the agen 
the time and what other treatments are available to potential trial enrollees If only an active ^contr 
used for an equivalence trial, convincing evidence of the efficacy of the active control should be 
provided, and the test proposed to establish equivalence should be specified. If there have been 
prior adult studies, or if the agent under development has a novel mechanism of action or repres 
an entirely new class of drug, a randomized, double-blinded Mai, using either a p acebo or ar acl 
control group of (anticipated) similar efficacy is indicated. Open label extensions to > obte. add ho 
data about risk and persistence of benefit are very valuable. The use of active control (standard^ 
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care theraov) in the control arm. dose-response design (where control receives a lower. dose(s) c 
STagentKsotS randomized withdrawal {enrichment design) or. if the agent has a short on 
ofeffect Randomized placebo-phase trial designs are encouraged as possible alternatives to .na< 
placebo Sol in JRA studies (Temple 1994. Feldman 1995) As a general prmciplej jrotocol es 
clauses are encouraged to permit children who are not responding well to experimental therapy t 
rSle eSy So^ventional or alternative treatment. The sponsor should indicate how dropouts w. 
handled in the analysis, whether from the escape clause, or otherwise. 

B. Applicability of Pediatric Regulation and Impact on Trial Design for JRA Studies 

The pediatric use section in the labeling regulations (21 CFR 201 57(f)(9)) permits drug aw I biolo 
products to be labeled for pediatric use if they have been demonstrated to be safe and effective f 
adult populations and the mechanism of action of the drug is sufficiently similar in chUdren .The 
pediatric rule may be applied only to obtain labeling for the signs and symptoms 0 f JRA other cU 
including prevention of structural damage, remission, and prevention of disability, shouklbe 
evaluated in separate JRA efficacy studies. Although the regulation allows extrapolation of adult- 
efficacy data, additional pediatric dosing and safety evaluations are usually needed. 

In general, sponsors seeking approval for adult RA products appropriate for use in patients with . 
are sfrong y encouraged to obtain dosing and safety data in polyarticular course JRA for inclusior 
?he dosing and pediatric use sections of the label. Specimen collection for PK studies can be red. 
significantly if available data indicate that the coefficients are similar in adults and children. 
Eslmpling techniques should be employed for such studies (Hashimoto 1991 . The extent of 
safety testing needed depends on the agent, its prior use. and any established safety in other 
pediatric populations. Toxicity grading scales should be adjusted for pediatric populations. Phase 
studies for safety evaluation will be strongly encouraged when limited preapproval data are obtau 
It is desirable that as much efficacy evidence as possible be gathered dunng the evaluation of 
pediatric dosing and safety. 

For currently approved traditional (cyclooxygenase inhibitor) NSAIDs and corticosteroids, adequs 
efficacy information exists to support a labeled indication for all JRA and al JRA subsets For 
methotrexate and sulfasalazine, adequate efficacy information exists for a labeled indication for J 
patients with a polyarticular course. For such agents, a labeling claim could be supported using c 
PK. PD. and safety data in JRA patients, although submission of additional JRA efficacy data is 
encouraged. 

For new agents (not yet approved for adult RA) that are not from a new pharmacologic class, adi 
efficacy data can be used to support a signs and symptoms claim for polyarticular JRA if ttiere is 
biological plausibility that the agent would have a similar effect in JRA. The applicability of the 
pediatric rule to support a labeled indication for polyarticular course JRA will be based on adult R 
efficacy data considered on an individual basis for each agent. When evidence for biological 
Diausibility does not exist, evidence should be submitted to support the application of the pediatn 
rule (The Agency should be consulted in determining whether adequate biological plausibility exi 
to apply the pediatric rule.) Pediatric safety and dosing studies should be submitted. 

For agents in a new class, efficacy studies should be performed in JRA to obtain an indication foi 
in JRA The indication will reflect the JRA subsets included in the efficacy study. Sponsors who s 
approval for all JRA should include all JRA subsets in an efficacy study. The data could support i 
claim for JRA (subsets not specified) provided that the data do not suggest that the agent is 
ineffective in any one subset. The label should reflect that efficacy was demonstrated and that trv 
agent is approved for JRA (subsets specified depending on which were included in the efficacy 
study). 

C. Outcome Variables and Claims 

It is possible for sponsors to seek approval for all JRA subsets or to seek approval for individual 
subsets. In the former case, the label should note the number of patients from each subset enroll 
trials and the character of each subset response. Except as noted above in the application of the 
pediatric rule, all claims should be supported by an efficacy demonstration In the intended subset 

1 . Reduction in the Signs and Symptoms of JRA 
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All JRA trials should evaluate improvement based on a validated endpoint for improvemer 
0^fft^S»yS^m^ * ■» definition of ^P rovement established by the. 
™SuZeoi™(MD global, parent/patient global, number of active joints number of. 
S£ta^~n% actional ability, and ESR) improved by at least 30 percent a 
no moTe than one of six worsening by more than 30 percent Giannini 1 997). Because the 
d^^^S^ validated using a trial of methotrexate, which primarily jndu 
polyarticular JRA patients, protocol individualizabon may necessitate a refinement in the 
responder test for other patient subsets. For example for pauc-articular 
Solved and a normal ESR. use of joint and functional assessments specific to the involve 
Sinte and evaluation of uveitis as coprimary endpoints may also be valuable (bndsley 1 9£ 
For patients with systemic onset JRA. additional assessment of fever, extra-articular 
manifestations, and thrombocytosis/leucocytosis may be useful ^P^f^dPdnts 
(Silverman 1994). Outcome variables need to be appropnate and cons stent with the type 
Sent under investigation. Investigators should specify, before the tnal is initiated, how mu 
change is considered clinically important for each outcome vanable. 

" Trials should generally last at least six months, except when six-month efficacy ^data exist 

adult RA and there are no reasons to expect loss of efficacy over time. Under these 
circumstances, trial durations may be three months' blinded/randomized, but six-months c 
safety data should be obtained. As with adult RA. a three-month trial duration is suggestet 
NSAIDs. 

2. Major Clinical Response 

Similar to adult RA, major clinical response is a claim intended to connote that the agent 
provides substantial clinical benefit, including in patients who are unable to completely res 
to the treatment or remit from the disease. At present, this claim is only theoretical, as dim 
JRA trial databases adequate for defining major clinical response do not exist. 

3. Complete Clinical Response 

The claim of complete clinical response reflects achievement on drug of six consecutive 
months of morning stiffness of less than 1 5 minutes duration, no active synovitis (pain, 
redness, tenderness to palpation, swelling, stable or decreasing limitation of motion), no e. 
articular features (including fever, serositis, adenopathy, hepatosp enomegaly, rash uveiti 
and normal laboratory parameters (including ESR, platelets, WBC) and, where apphcable. 
ongoing structural damage while continuing on therapy. Trials should be at least one year 
duration Residual damage from prior disease, including extra articular manifestations, is 
acceptable in meeting criteria for complete clinical response. Because spontaneous comp 
clinical response rates may be relatively high in JRA, these studies should be controlled. 

4. Remission 

Remission is characterized exactly as above, but while off all antirheumatic drugs. Remiss 
is not intended to imply cure. 

5. Prevention of Disability 

This claim is proposed to reflect durable improvement in physical function and disability in 
studies of one to two years' duration with demonstrated improvement in signs and symptoi 
over the same period. Instruments currently validated for use in JRA include the Childhooc 
Health Assessment Questionnaire (CHAQ), the Juvenile Arthritis Self-Report Index (JASI) 
the Juvenile Arthritis Functional Assessment Report (JAFAR). HR-QOL should also be 
measured and demonstrated not to worsen over the trial duration. Endpoints should be tai 
to subtypes enrolled in trials (e.g., to assess knee function in pauci-articular JRA patients i 
whom knee arthritis may be the primary arthritic manifestation). Instruments should be 
developmentally validated for the age ranges studied in a tnal (Murray 1995). 

6. Prevention of Structural Damage 

Similar to adult RA. this claim would reflect trials of one year or more with concomitant sue 
in signs and symptoms. Currently, only sparse data exist regarding the usefulness of only 
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radiographic measure in JRA: the carpometacarpal distance in those patients with wrist 
arthritis. Other clinically promising settings include the evaluation of erosive disease in 
systemlcs with polyarthritis, hip assessment in systemics, and knee assessments in pauci 
articular JRA. 

D. Trial Design Issues 

Recommendations for efficacy studies are based on the nature of the agent under dwelopmant 
principles outlined for adult RA are generally applicable. Patients enrolled in these trials may be c 
any onset or disease course subset. Separate trials for each JRA subset are recommended if the 
agent is predicted to have a target mechanism of action that will not be applicable and equally 
efficacious in all JRA subsets. Alternatively, a single, sufficiently large trial with enrollment 
appropriately stratified provides for useful conclusions to be reached about efficacy and safety fo 
each subset Relevant covariates include disease course type, disease duration, and nonrespom 
prior methotrexate treatment. Given that JRA is an orphan disease, there is often some flexibility 
trial design, but this should be discussed on a case-by-case basis. 

At this time. JRA patients are usually ineligible for entry into efficacy trials unless they have failed 
respond adequately to at least one standard second line agent (such as methotrexate at a dose c 
least 10 mq/m2 body surface area per week). There may be exceptions to this if, for example, tn< 
evidence that greater efficacy could be obtained by using the agent very early in the disease oou 
evidence that delayed use in sicker patients potentially carries greater risk of toxicity, or evidence 
the agent has a favorable safety and efficacy profile in a comparable population studied to date a 
that the agent's actions are potentially readily reversible. Pauci-articular JRA patients are particul 
encouraged for inclusion in trials with agents targeting the treatment of uveitis or agents that will 
replace existing therapy with an improved safety profile, less frequent blood monitoring, andfor 
superior efficacy. 

Some JRA patients exposed to new agents should be evaluated periodically for an extended peri 
Effects on skeletal growth, development, behavior, sexual maturation, reproductive capacity, and 
secondary malignancy should be included in such monitoring. Registries or cohort follow-up stud 
may be useful in providing long-term safety information. 

E. Concurrent Antirheumatic Agent Administration 

The principles of use of concurrent antirheumatic therapy in JRA trials are similar-to those outline 
adult RA- limiting their discretionary use as much as reasonably possible so that interpretation of 
efficacy and safety data is not compromised. However, limitations on concurrent medication canr 
prohibit ethically justified treatments, nor should the protocol be made so unattractive to parents, 
physicians and patients that enrollment is threatened. If background treatment is necessary, earl 
tolerance studies, to ensure safety of co-administration, should precede any large tnals. 

If patients receive concurrent slow-acting or prednisone therapy, the dose should be stable prior 
study entry and should preferably remain so throughout the trial. Concurrent medications are usu 
important prognostically and so may need stratification. If possible, intra-artlcular steroid injection 
should be disallowed for a minimum of one month prior to beginning experimental therapy; otner\ 
that joint should be discounted in assessing therapeutic effects. 

F. Multicenter Trials and Center Effects 

Although JRA is the most common rheumatic disease of childhood, its prevalence is low compan 
adult RA Thus, trials of JRA that require large numbers of patients will likely be multicenter trials 
Multicenter trials should employ a standardized protocol and data collection forms among all cen- 
Pretrial meetings of all investigators and other involved personnel are strongly encouraged to em 
uniformity in protocol interpretation, patient evaluation, and data recording. Studies have shown t 
within a cooperative group, a center's performance is a function of the number of patients enrolle 
the center (Sylvester 1 981 ). Thus, studies that use fewer centers with greater numbers of patient 
each center are preferable to those that use large numbers of centers with fewer patients. Effort 
should be made to enroll at least 10 to 12 patients at each center to provide for greater quality 
assurance. In all multicenter trials, center effects should be examined. A therapy should show eff 
in more than one center. When stringent entrance criteria restrict the number of patients eligible 1 
study, many centers may be unable to enroll even 10 patients, in such situations, randomization 
blocked within individual centers, rather than across all centers, may help to reduce the potential 
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impact of center effects. 
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APPENDIX A: COMPARATIVE TRIAL RESPONSE RATES 5 



Three cooperative systematic studies of rheumatic diseases (CSSRD) trials: 
(1) Methotrexate vs. Placebo 
(2) Gold, Auranofin vs. Placebo 
(3) D-Penicillamine high, low vs. Placebo 

Response Rates at End of Trial Based on Different Definitions of Improvement 
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PLACEBO 


(Auranofin) 
(Low-dose D- 
Penicillamine) 


High-dose 
D-Penicillamine 
Gold, Methotrexate 


UBTiniiion or 
improvement 


n=199 


n=18 


n=155 


ACR2= 20% 


10 (8.4%) 


30 (25.4%) 


64 (40.3%) 


ACRS* 30% 


.5 (4.2%) 


14 (12.0%) 


46 (29.7%) 


ACR2* 40% 


2(1.7%) 


7 (3.4%) 


18(11.6%) 


ACRS* 50% 


0 (0%) 


4 (3.4%) 


14 (9.0%) 


ACR5* 60% 


0 (0%) 


3 (2.5%) 


4 (2.6%) 


ACR2*70% 


0 (0%) 


0 (0%) 


1 (0.6%) 
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APPENDIX A (cont.) 

COMPARATIVE MULTICENTER TRIAL OF 
AURANOFIN/METHOTREXATE 
(END OF TRIAL) 

Response Rates at End of Trial Based on Different Definitions of Improvement 



Definition of 


Auranofin 


Methotrexate 


Improvement 


(n=118) 


(n=119) 


ACR55 20% 


34(28.8%) 


77(64.7%) 


ACRS* 30% 


30 (25.4%) 


65 (54.6%) 


ACRS* 40% 


22 (18.6%) 


51 (42.9%) 


50% 


21 (17.8%) 


42 (35.3%) 


ACR2* 60% 


9 (7.6%) 


22 (18.5%) 


ACR5* 70% 


7 (5.9%) 


11 (9.2%) 
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APPENDIX A (cont.) 

COMPARATIVE TRIAL OF CYCLOSPOR1NE-A 
METHOTREXATE VS. METHOTREXATE ALONE 

Response Rates at End of Trial Based on Different Definitions of Improvement 



Percent increase bv ACR Patients Satis fying Criteria 

Criteria 
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Methotrexate* 

Cyclosporine-A Methotrexate* Placebo 

(n=71) (n=74) 

0<>/ o 81.7 50.0 

10% 49.3 16.2 

20% 45.0 12.2 

30% 33.8 8.1 

40% 22.5 2.7 

50% 22.5 2.7 

60% 5.6 2.7 

70% 1.4 . 0.0 

80% 0.0 0.0 

90% 0.0 0.0 
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J- tos guidance has been prepared by the Rheumatology Working Group of Ihe Medical Policy Coordinating Committee (MPCC) o the Center for 
Evaluation and Research (CDER), the Center for Biologies Evaluation and Research (CBERJ, and the Center for Devtces and Radiological Health 
(CDRH). 



2 The ACR definition of Improvement (ACR 20) is 20 percent improvement in tender and swollen joint counts and 20 percent improvement In three 
five remaining core set measures: patient and physician globals. pain, disability, and an acute phase reactant {Felson 1993, 1995). For specific de 
on individual measures, e.g., disability, acute phase reactant. refer to Felson 1995. 



3 ICH documents are available via the FDA Interne! home page at http://www.fda.gov/cder or cber. 



4 The HLA-B27 subset is not addressed in this document. 



5 CSSRD database and Tugwell et al., "Combination "Therapy with Cyclosporine and Methotrexate in Severe Rheumatoid Arthritis," N Engi J Med 
333:137-141. 1995. 
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